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MR. STANLEY’S LATEST 


AFRICAN DISCOVER- 
IES. 
“THE MOUNTAINS OF THE 
MOON.” 


THE geographical diseover- 
ies made by Mr. H. M. Stan- 
ley’s expedition in its route, 
accompanied by Emin Pasha, 
to the south of Lake Albert 
Nyanza, and west of Victoria 
Nyanza, through a region pre- 
viously unexplored, are the 
Jatest additions to our knowl- 
edge of the wonderful interior 
of what has been called the 
‘**Dark Continent.” They are 
of suuch scientific interest, 
apparently solving the ques- 
tion of the true source of the 
Upper White Nile, or rather 
of its western branch flowing 
through the Albert Nyanza— 
the eastern branch coming 
from the Victoria Nyanza— 
while they reveal also the po- 
sition of the southern lake, 
hitherto vaguely spoken of as 
the * Muta Nzige,” but hence- 
forth named Lake Albert 
Edward Nyanza, in honor of 
the Prince of Wales. The 
land between the Albert Ed- 
ward Nyanza and the Victo- 
ria Nyanza, with a central 
line from north to south 
about the 3lst degree of east 
longitude, rises into lofty 
mountain ranges. A few of 
their high summits, which 
had been only seen at a dis- 
tance by Mr. Stanley in De- 
cember, 1887, and May, 1888, 
were then named Mount Gor- 
don Bennett, Mount Edwin 
Arnold, and Mount Lawson ; 
and these are marked in the 
map of Central Africa pub- 
lished by Messrs. W. & A. K. 
Johnston in 1888, 
last year, many months after 
his distant sight of those 
mountains from the southern 
extremity of Lake Albert Ny- 


In June © 


) Scientific American Supplement, $5 a year. 
) Scientific Americ and 1 


Yj 


y 
Wf 
4 


MR. H. M. STANLEY. 
(A sketch from life, by Mr. Reginald Barratt, artist of the Graphic, at Cairo.) 
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ant Stairs, R.E., the expedi- 
tion having traveled south- 
ward through the Unyoro 
country, crossing the Semliki 
River, and approaching the 
mountains through the valley 
of Awamba, were enabled to 
gain a nearer acquaintance 
with this remarkable feature 
of aregion hitherto unknown. 

Mr. Stanley’s letter of Au- 
gust 17, 1889, to the Royal 
Geographical Society clearly 
describes the physical con- 
formation of the vast trough, 
or subsidence of the earth’s 
surface, 230 miles long, con- 
taining the Albert Edward 
Nyanza, with the plains on 
its shores, the Semliki River 
valley, and the Albert Nyan- 
za; he also describes the Ru- 
wenzori range of mountains, 
rising above the Semliki val- 
ley ; and he considers them 
identical with what the an- 
cients called *‘ The Mountains 
of the Moon.” This name is 
mentioned by Scheabeddin, 
an Arab geographer of the 
fifteenth century, who says 
that the Nile takes its rise 
from those mountains, a little 
south of the equator; which 
is now proved to be the fact, 
so far as the western branch 
of the Upper White Nile is 
concerned, 

Lieutenant Stairs, the only 
member of the Emin Pasha 
Relief Expedition who actu- 
ally ascended Ruwenzori to 
the height of 10,677 ft., on 
June 6, 1889, has favored us 
with the following comment 
or description : 

“For centuries the sources 
of the Nile have been wrap- 
ped in mystery. Many at- 
tempts to reach the southern- 
most fountains have failed. 
We have been able to adda 
great deal to our knowledge 
of the Nile sources, and have 


anza, Mr. Stanley, with his 
| second in command, Lieuten- te 
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discovered a range of mountains to the 8.S.E. of the 


Albert Nyanza Lake, stretching away to the soutb- 
ward and westward, and then east again in a decidedly 
creseent-like form. The name given to the highest 
points of the range is Ruwenzori, though by different 
tribes it goes by different names. 

“The scenery afforded by these mountains, as one 
passes by their feet, is most splendid ; deep valleys of 
an intense darkness run up from the forest beneath. 
A distinguishing feature of the range is the clear and 
well defined character of the hill tops; almost invari- 
ably on the southern side these are of a conical shape, 
with extremely steep slopes, some of them being quite 
45 deg. in steepness. The lower spurs and gullies are 
covered with ordinary forest growth, up to a height of 
some 6,000 or 7,000 ft.; above this there is generally a 
forest of bamboo going up to 9,500 or 10,000 ft.; above 
this, again, for another 1,500 ft. of altitude, the hill- 
sides are covered with tree heath, and all above this is 
bare rock and earth to the summits. A peculiarity to 
be observed in this range is the immense depth of the 
ravines or gullies between the spurs of the hills. 
Though the streams start from almost the summit, still | 
they bave very little fall, comparatively, as their} 
channels appear to be cut right into the heart of the | 
mountains; in some places the ravines down which | 
these streams flow are quite 6,000 or 7,000 ft. deep. | 
The height of the highest point of the range is about | 
17,000 ft,. with about 2,000 ft. above the snow line. 

“The country at the foot of the range is among the | 
most fertile passed through by us. Bananas, Indian 
corn, beans, and matama are the chief products of the 
natives.” 

The position of Ruwenzori, as shown in Mr. E. G. 
Ravenstein’s new map, “ Stanley in Africa,” published 
by Messrs. G. Philip & Son, is within less than one 
degree north of the equator, and in the thirtieth 
degree of east longitude. The mountain range to 
which it belongs, parallel with the Semliki River, 
which is the outlet of Lake Albert Edward Nyanza 
and the most southerly feeder of the Nile, extends in a 
southwest direction from a point of the Unyoro table- 
lund opposite the south end of Lake Albert Nyanza, 
and is about ninety miles in length. It is remarkable 
that these mountains, nearly 18,000 ft. high, with 
snow-covered peaks, were not visible to Sir Samuel 
Baker, who supposed the Albert Nyanza to extend 
hundreds of miles farther south.—Jl/ustrated London 
News. 


HENRY M. STANLEY. 
THE portrait on our first page is from a sketch made 
at Cairo forthe London Graphic (weekly), and the 
smaller portrait is from the hand of another artist 


made for the Daily Graphic. The Times correspond- 
ent gives the following life-like personal description of 
the great explorer: ‘Stanley stood on the quarter 
deck " (this was as the Kraptoria reached Suez) *‘dress- 
edin gray tweed, his figure very much slighter than 
three years ago, his close-cut and almost perfectly 
white hair showing off his bronzed face, with its hard- 
set lipsand cold gray eyes. He seemed the embodi- 
ment of physical endurance and mental self-control. 1 
noticed a singular part resemblance to two men as 
different to himself as to each other—General Gordon 
and Captain Burton. 
the lips of Burton. There are times when Stanley's 
eyes have that far-away light which was the most 
striking characteristic of Gordon’s personal appear- 
ance, and there are times when Stanley's lips make you 
feel that you would rather not quarrel with him.” 
Next day aspecial train brought Mr. Stanley and his 
party to Cairo. On the platform were Sir Evelyn and 
zdy Baring, Sir Francis and Lady Grenfell, and a 
very large gathering of many nationalities. Of all the 
gatherings of recent years at the Cairo Railway Sta- 
tion, perbaps the most striking was the arrival of the 
man who, three years ago, set off on his 5,000 mile 


He has the eyes of Gordon and | 


tramp across Africa, and who, returning to meet an 
ovation, seemed to be mainly interested in the safety of 
his baggage. A carriage was waiting to convey him at 
once to the Khedive, and, during the half hour's inter- 
view which followed, Mr. Stanley appears to have suc- 
ceeded in persuading his Highness that Emin Pasha, 
the former Governor of the Equatorial Provinces, would 
make an excellent civil administrator at Suakim. From 
the palace of the Khedive Mr. Stanley went at once to 
Shepherd's hotel—the hotel of Cairo—and his entrance 
there is depicted in another of the Graphic sketches 
which we give. 


STAR DISTANCES.* 


THE festal offering contributed by Prof. Oudemans 
to the Pulkowa celebration is an especially appro- 
priate one. The incidents of the long parallax cam- 
paign can scarcely be recapitulated without recalling, 
in connection with the name of Friedrich Struve, the 
quorum pars magna fui of Aneas. He it was who, in 
Sir John Herschel’s opinion (Memoirs R. Astronomical 
Society, vol. xii., p. 442), made the first real impression 
upon the problem by showing that not one of twenty- 
seven circum-polar stars discussed in 1819-21 could 
possibly have an annual parallax amounting to halfa 
second of are. Thenceforward, astronowers knew 
what they had to expect. Sanguine hopes of meeting 
comfortably large, and properly periodical, residuals 
among ordinary observations were checked, if not ex- 
tinguished. The changes of stellar position reproduc- 
ing, according to the laws of perspective, the move- 
ment of the earth in its orbit, were perceived to be on 
a scale so minute that their satisfactory disclosure lay, 
for the moment, beyond the range of what was feasi- 
ble. Suecess in the enterprise, it was evident, was 
conditional upon the employment of more perfect in- 
struments than had heretofore been available, with a 
precision and vigilance of which the very idea was ab- 
sent from all buta few prescient minds. Sir William 
Herschel seemed to have anticipated the conjuncture 
when he declared in 1782 the case to be “‘ by no means 
desperate,” although stellar parallax should fall short 
of a single second (Phil. Trans., vol. 1xxii., p. 83). The 
memorable ‘triple event,” by which, almost simulta- 
neously, at the Cape, at Konigsberg, and at Pulkowa, 
his confidence was justified, is familiar to all readers 
of astronomical history. Its significance may be esti- 
mated from Bessel’s admission that, until the yearly 
oscillations of 61 Cygni emerged from his measures in 
1838, he was completely in the dark as to whether stel- 
lar parallax was to be reckoned by tenths or by thou- 
sandths of a second (Astr. Nach., No. 385). 

The value to students of Prof. Oudemans’ synoptical 
view of what has since then been achieved in this di- 
rection can hardly be overstated. Not only does he 
record every individual result worth considering, but 
the tabulated particulars enable a fair judgment to be 
formed as to the value of each. There are, indeed, one 
or two cases in which a note of warning might with | 
advantage have been added. Thus Dr. Brunnow’s small 
parallax for 85 Pegasi, to say the least, requires confir- 


mation. A perfect eguability in the mode of observing 
is essential in such delicate operations ; but the Dun- | 
sink astronomer was himself conscious of, and noted | 
with his usual care, a slight change, as the series flowed 
on, in bis habit of * bisecting” the large star (Dunsink | 
Observations, vol. ii., p. 38). The distance of this in- 
teresting binary system can hence scarcely be regarded 
as even approximately known. 

Still less reliable, though for different reasons, are 
Johnson’s measures of Castor and Captain Jacob’s of 
a Herculis. The parallax assigned to the latter star of 
0-062 relative to its fifth magnitude companion cannot | 
be other than illusory, since the pair, as evidenced by 
asmall but well ascertained common proper motion, 
are physically connected, and must therefore be at vir- 
tually the same distance from the earth. 

Forty-nine stars, all save one measured within the 
last sixty days, are included in Prof. Oudemans'’ list. 
The exception deserves particular mention. Samuel 
Molyneux erected at his house in Kew Green, in 1725, a 
zenith sector by Graham, with which he began, in com- 


bination with Bradley, a set of observations for paral- 
lax on y Draconis, Thesame star had, in the previous | 
century, been ajmilarly experimented upon by Robert | 
Hooke with something of a dubious success, The well 

known eventual issue of Molyneux’s observations was 

Bradley’s discovery of the aberration of light ; but they 
included besides an element of true parallactic change, 

brought out by Dr. Auwers’ discussion in 1869,+ after 

it had lain concealed among them for 142 years. 

The eye and hand must indeed have been faithful thas 

to record an ebband flow of change profoundly sub- 

merged, at that comparatively remote epoch, in the 

reigning confusion between the real and the apparent 

places of the heavenly bodies. 

A light journey of sixty-five years (parallax=0"'05) 
may be considered the present limit of really measur- 
able stellar distance. Forty of the forty-nine objects 
so far investigated lie—most of them certainly, a few 
only probably—within it. Forty stars can thus be lo- 
cated with some definiteness in space—forty among, 
say, forty millions! The disproportion between our 
knowledge on the int and our igaorance is so exor- 
bitant that general conclusions seem discredited be- 
forehand, and negative ones at any rate can have no 
weight whatever. Nevertheless, one remark at least 
is fully warranted by the evidence. 

It is this, that the largest stars are not always those 
nearest to the earth. For té the narrow category of 
stars at ascertained distances belong no less than 
seven invisible to the naked eye, one of them in closer 
vicinity to us than Sirius, all than Capella, Vega, Arc- 
turus, or Canopus. A cursory view might almost sug- 
gest—irrespective of geometrical possibilities—that 
stellar brightness had nothing whatever to do with re- 
moteness. The legitimate and certain conclusion to be 
derived from the facts, however, is that the disparities 
of stellar light power are enormous. A farthing rush- 
light is not more insignificant compared with the elec- 
tric are than a faint compared with a potent sun. Si- 
rius emits 6,400 times as much light as aninth magni- 


*“ Uebersicht der in den letzten 60 Jahren ausgefuhrten Bestimmun- 
gen von Fixstern parallaxen.”” Von J. A. C. Oudemans, Eine Fest- 
gabe zum 5) jahrigen Jubilaum der Sternwarte zu Pulkowa. <Astrono- 
mische Nachrichten, Nos, 2915-16.—Nature. 


+ Monatederichte, Berlin, 1869, p. 630. The result places 


Draconis at a 


”(par- 


distance of 3544 light years, but with a very large “ pro’! error 
allax=0’’ 


tude star north of Charles’ Wain (Argelander-Oeltzen 
11,677) ; our own sun falls nearly as far short of the ra- 
diative strength of Arcturus. Inequalities of the same 
order between the members of revolving systems em- 
phasize this result. Sirius shines like four thousand 
of its own companions ; and the movements of other 
a are perhaps swayed by almost totally obscure 

Gales. 

The inference that the apparent luster of individual 
stars tells us nothing as regards their distance was al- 
ready drawn by Dr. Huggins in 1866 (Phil. Trans., vol. 
elvi., p. 393); it has been amply confirmed since, and 
cannot be too forcibly insisted upon. We are unable 
to place either an upper or a lower limit to stellar di- 
mensions or intrinsic emissive intensity. Until Aretu- 
rus was proved to be immeasurably remote, few 
would have been disposed to credit the existence of a 
sun in space at least six thousand times as efflulgent as 
ours is; but we know no reason why Arcturus itself 
should not be as vastly exceeded by some giant orb at 
the outskirts of the Milky Way; while we are equally 
debarred from asserting that among sixth, seventh, 
twelfth magnitude stars, there may not be found some 
minute bodies at half the distance from us of a Cen- 
tauri. 

But when we pass from particular to general reason- 
ing, the aspect of the matter changes. No cause has 
yet been shown why the stars should be exempt from 
obedience to the “law of large numbers,” which pro- 
vides (as Prof. Edgeworth has ably shown) a clew to 
other labyrinths of facts. Statistics, itis true, are often 
misleading, but only when they are wrongly em- 
ployed. The frequent misuse of a method does not 
justify its total rejection. And the statistical method 
is peculiarly liable to misuse. Attempts to get from 
it more than it will properly give inevitably fail; and 
what it will properly give are general statements 
which should only be generally applied. An average 
result may not be the less instructive because it is by 
its nature incapable of furnishing specifie data. 

The stars then must, on the whole, decrease in 
brightness as their distances increase,and they must do 
so according to an underlying fixed law which will be 
more and more closely conformed to, the larger the 
number of instances included in the generalization. 
Each descent of one stellar magnitude represents a fall- 
ing off in light in the proportion of 244 to1; it repre- 
sents, accordingly, an augmentation of distance in the 
proportion of the square root of 214, or 1°59 to 1. Theo- 
retically, that is to say, stars of any given magnitude 
are 1°59 times more remote than those one magnitude 
superior, 234 times (1:59 x 1°59) where the gap is of 
two magnitudes, and soon. This would be strictly 
and specifically true if all the stars were equal; but 
since they are enormously unequal, the rule may be 
grossly misleading in particular instances, and can 
only, by taking wide averages, be brought to approxi- 
mate closely to actual fact. 

The determination of individual parallaxes has al- 
ways, with astronomical thinkers, been subordinate to 
the higher aim of obtaining a unit of measurement 
for sidereal space. Hence continual attempts to fix the 
“average paraliaxes” of classes of stars, which, how- 
ever, remained futile so long as precarious assumptions 
supplied the place of direct information. Nor could 
this be obtained until the exigences of the research 
had evoked improved means of practically meeting 
them. The earlier observers chose the subjects of 
their experiments entirely with a view totheir success- 
fulissue. Stars likely, owing to their brilliancy, their 
swift motion, or both combined, to be nearer the earth 
than most others were picked out for measurement, 
with results each by itself of high interest, but worth- 
less for generalizing purposes. It is only a few years 
since increased skill in the handling of methods au- 


| thorized an extension of the range of their application. 


The first systematic plan for investigating ‘‘ mean 
parallax” was apemaned by Dr. Gill in 1883, and is now 
in course of combined execution at Yale College and 
the Cape. The completion last year of a section of the 
work enabled Dr. Elkin to deduce an average distance 
of thirty-eight light years for the ten first magnitude 
stars of the northern hemisphere; but it would of 
course be folly to regard this avowedly ‘* provisional 
and partial” result as a satisfactory basis for definitive 
conclusions about the distances of more remote classes 
of stars. At the most, it makes a useful temporar 

starting point for some trial trips of thought throug 

space. Before long, however, through the exertions 
of Dr. Gilland Prof. Pritchard, direct measures, not 
only of all the first, but of most of the second magni- 
tude stars all over the sky, will have been executed ; 
and the proportion between distance and brightness 
thus established may with some confidence be used as 
a fathom line for sounding otherwise inaccessible side- 
real abysses. A. M. CLERKE. 


THE GROWTH OF TREES. 


EVERY one who knows anything about trees is fami- 
liar with the fact that although the heart of the tree is 
surrounded by the rings that are formed annually, the 
heart is not necessarily, nor indeed frequently, the cen- 
ter of the bole, or, in other words, that while on one 
side the rings are so close that they can hardly be 
counted, they may on another side be a considerable 
distance apart. While this fact is patent to all, the 
cause of it is by no means universally understood. 
Perhaps the theory most generally accepted is that the 
widest rings are formed on the side of the tree facing 
the south, while there is another theory held by a few 
persons, viz., that the greatest enlargement will usually 
be found toward the east. There is still another class 
who assure us that the greatest extension will be found 
on the side where the tree has most room. Now, 
would humbly venture to suggest that none of all these 
theories is correct, and that the widest rings will invari- 
ably be found on the side where the tree has made the 
most vigorous roots. 

This direction is determined, not by any greater in- 
herent vigor in certain roots when the tree was planted, 
but simply by the nature of the soil, the roots being 
most strongly developed toward the richest feeding 
ground. I saw this strikingly exemplified lately in a 
wood where a large number of old trees were lying as 
they had been blown down and cross-cut. These com- 

rised both firs and hardwoodtrees. A silver fir which 

ad been growing | oan! close to the south boundary 
wall had a radius of two feet toward the north, the soil 
being rich and easily penetrated in that direction; 
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whereas on the south side toward the wall, where the 
soil was hard and stony, the roots had found little en- 
courageuient to extend, and the radius only measured 
one foot. Then in the case of a beech that had been 
planted close to a road, the strong roots and wide rings 
were found on the opposite side from the road ina 
northwesterly direction. In the center of the wood, 
where the soil was similar all round, vigorous roots 
were found to have pushed equally on all sides, and in 
these trees the heart was always found to be the center 
of the bole. It is a noticeable fact that the branches 
or limbs of trees have the wide ripgs always on the 
under side. This, I fancy, may be explained by the 
sap finding freer access in that direction, and perha 
the greater tension of the vessels on the upper side 
may have a constricting effect on them, 

Seeing that in slit planting the roots are not spread 
out as in pit planting, but are drawn ina particular 
direction, might it not be well to let that be facing the 
prevailing wind? This would involve no extra expense, 
and where the soil is of the same character all round, 
the roots would naturally take the earliest and firmest 
hold in the direction given them. Let any one plant a 
young tree, or if he prefers it sow a seed, and let the 
soil on one side be retentive clay or gravel, and the 
other side made up of rich friable loam into which the 
roots will freely penetrate. When he cuts down the 
tree after a given number of years, he will find that on 
the side on which the roots have been feeding in the 
fertile soil the tree will have laid on double the quan- 
tity of timber, measuring from the heart, that it has 
made on the barren side. If this is not conclusive 
proof that the soil has a good deal to do with the final 
shaping of the trunk, I do not know what would be ac- 
cepted as such.—J., in The Garden. 


(From THe American Law Review.) 
SURFACE WATERS.* 


4. ENGLISH RuLE.—In view of the very decided doc- 
trine adopted by Massachusetts and now generally 
spoken of as the common law rule, it becomes a matter 
of interest to ascertain the law contained in the Eng- 
lish decisions. This question acquires additional im- 
portance in view of the fact that many of the Western 
States have statutory or constitutional provisions which 
require the courts to follow the common law of Eng- 
laud. Thus in Arkansas, the court declared that with 
regard to the decisions which followed the civil law 
rule “‘sofar as they proceed upon the adoption by the 
courts of the civil Le doctrine as the more reasonable 
one, we feel precluded by our statute from accepting 
them as authority.” 

The courts which have adopted the so-called common 
law rule have applied to surface waters the remark of 
Lord Tenterden that water is a common enemy against 
which each proprietor must defend himself.” This 
remark, however, was not applied to surface waters, 
and can constitute no authority for the common law 
rule.” 

An examination of the English decisions shows that 
the question whether the lower proprietor is entitled 
to obstruct the flow of surface waters, and thereby dam 
it back upon the higher lands, has never been before 
the courts. In other words, it is still undecided whe- 
ther the lower proprietor is or is not subject to a natural 
easement or servitude to receive surface waters natu- 
rally flowing upon his lands. The cases of Chasemore 
v. Richards,*' Acton v. Blundell,*? Rawstron v. Tay- 
lor,“ and Broadbent v. Rowbotham,™ are the leading 
English cases upon the law of surface waters, but they 
are all cases where the plaintiff complained of the act 
of the defendant in appropriating the water, and con- 
tain nothing either by way of inference or dicta obiter 
which can be construed as authority for the proposi- 
tion that the lower proprietor is at liberty to reject 
the surface waters if he so pleases. The cases of Wil- 
son v. Waddell,® Baird v. Williamson," and Smith v. 
Kenrick,” are authority for the proposition that a 
mine owner, whose mine is on the rise, is entitled to 
work and win the whole minerals in the usual way— 
such being the natural use of the property—and is not 
bound to leave any barrier to prevent the flow of sur- 
face waters into a neighboring mine which is on the 


* Continued from SurrLemMENT, No, 739, page 11801. 
78 Little Rock & S. F. R. Co. v. Chapman, 39 Ark. 463; 8. c. 43 Am. 
Rep. 280. 


7 The remark of Lord Tenterden has been very extensively misapplied. 


It was originally made in Rex v. Com'rs of Sewers of Pagham, 8 B. & C. | 


355, 360. That case did not, as might be inferred from American judges 
and writers, apply to surface water at all. The extent to which the idea 
that surface water is a common enemy, which each must fight for himself, 
prevails can only be appreciated by an examination of the cases, The 
following are a few of those in which the reference occurs: Cairo & V. R. 
Co, v. Stephens, 73 Ind. 278; Livingston v. McDonald, 21 Iowa, 160, 174; 
Benson v. Chicago, & A. R. Co., 78 Mo. 504; Shane v, Kansas City, St. J. 
C. B. R. Co., 60 Mo. 329; McCormick v. Kansas City, St. J. & C. B. R. 
Co., 57 Mo. 433; West Orange v. Field, 37 N. J. Eq. 600. Sce also 2 Dil- 
lonous Mun. Corp. (2d ed.), sec, 1039. In the case in which the remark 
was first made the commissioners of sewers had e ected certain works to 
prevent encroachment by the sea, The result was that the force of the 
water was directed against another part of the coast. The action was 
brought by way of rule to show canse why mandamus should not issue to 
compel the commissioners to have damages assessed or to erect further 


works, Lord Tenterden said (p. 360): “The sea is a common enemy to | 


all proprietors on that part of the coast,” and again (p. 261): “ I am of 
opinion that the only safe rule to lay down is this, that each land owner 
for himself may erect such defenses for the land under his care as the 
necessity of the case requires, leaving it to others, in like manner, to pro- 
tect themselves against the common enemy.” There is great appropri- 
ateness in the o:iginal application of the term, for there the sea was en- 
croaching upon the land. The appropriateness of the expression is lost 
toa great extent when applied to surface waters. They might be much 
more filly denominated a common nuisance, 

** See Rex. v.Com'rs of Sewers for Pagham, supra. 

7 HL. L, 349. 

"212M. & W. 352. 

11 Exch. 369. 

11 Exch. 60. 

"> L. R.2 App. Cus. 95. This was an appeal from a decision of the 
Scotch Court of Session. It may be mentioned that in Scotland, 
where the civil law is closely followed, the flow of water in adjoining 
mines is governed by the same rules as the flow of surface waters, “ There 
can be no doubt, on the one hand, that the owner of a mine is entitled to 
work out the minerals without regard to the interest of his neighbor, so 


long as he confines his operations to his own grounds and resorts to no | 


extraordinary means of working ; and if the effect of working out these 
minerals be to throw water down upon his neighbor, who lies upon @ 
lower level than himself, that is just the natural servitude which the 
lower heritor below groand must submit to, as the lower heritor above 
ground does; and on the other hand, the lower heritor, if he desires to 
protect himself against the invasion of water from above, must secure 
that protection by leaving a sufficient barrier of his own minerals upon 
the march to prevent the water finding its way tohim.” L. P. Inglis in 
Durham v, Hood, 9 Sc. Ses, Cas. 3d Ser., 474, 

15 C. B. 8.) 876, 

7C. B, 515. 


dip. The courts hold that the owner of the lower mine 
has no cause of action against the owner of the higher 
and that he must protect himself by leaving a barrier 
of mineral to prevent the flow. These cases do not 
constitute an authority for the proposition that the 
lower proprietor may obstruct the flow of surface wa- 
ter, nor on the other hand are they authority for say- 
ing that his lands are burdened with the servitude of 
receiving the waters. They simply hold that the high- 
er mine owner having put his lands to their natural 
use without any negligent act or malice on his part, 
the lower proprietor cannot complain if his property 
has, in consequence, been exposed to a flow of water. 
Except the case of Smith v. Kenrick," none of the 
cases contain any dicta upon the point under conside- 
ration. In that case Cresswell, J., who delivered the 
opinion of the court, declared that a holding that the 
lower proprietor had no cause of action was “in ac- 
cordance with the civil law, by which it was considered 
that land on a lower level owed a natural servitude 
to that ona higher, in respect of receiving, without 
claim to compensation, the water naturally flowing 
down to it.” 

In the subsequent case of Hurdman v. Northeastern 
Ry. Co., the plaintiff alleged that the surface of the 
defendant’s lands had been artificially raised by earth 
placed thereon, and that in consequence water falling 
on the defendant's land made its way through the wall 
into the adjoining house of the plaintiff, and caused 
substantial damage. The court held that the heap or 
mound being artificial, the plaintiff had showed a 
cause of action. With reference to the mining cases 
above referred to, Cotton, L. J.. who delivered the 
opinion of the court, says: ‘‘ It is urged that this is at 
variance with the decision that if, in consequence of a 
mine owner on the rise working out his minerals, water 
comes by natural gravitation into the mines of the 
owner on the dip, the latter owner cannot maintain an 
action for the loss which he thereby sustained. But 
excavating and raising minerals is considered the natu- 
ral use of mineral land, and these decisions are refera- 
ble to this principle, that the owner of land holds his 
right to the enjoyment thereof subject to such annoy- 
ance as is the consequence of what is called the natural 
user by his neighbor of his land, and that when an in- 
terference with this enjoyment by something in the 
nature of a nuisance (as distinguished from an interrup- 
tion or disturbance of an easement or right of propert 
in ancient lights, or the support of the surface to whic 
every owner is entitled) is the cause of complaint, no 
action can be maintained if this is the result of natural 
user by a neigkbor of his land.” The whole opinion 
shows that the controlling reasons of the decision were 
that the defendant had a right to the reasonable en- 
joyment of his property, but limited by the maxim, 
Sic utero tuv, ut alienum non ledas. 

Applying this reasoning to the English decisions, it 
follows that as mining is the natural uve for mining 
property, and agriculture for arable lands, in the case 
of arable lands the upper proprietor might drain his 
lands in the usual course of husbandry without expos- 
ing himself to an action by the lower proprietor, and 
the latter, on the other hand, could not interfere with 
the drainage, except such interference be necessary to 
the reasonable use of his property. The application 
of this principle would thus indicate that in the light 
of present decisions, the law in England closely resem- 
bles the modified doctrine adopted in Arkansas. 

The important point is, however, that it, at present, 
does not in the slightest resemble the so-called com- 
mon law rule adopted by Massachusetts, New York, 
and other States, which is based upon an application 
of the maxim, Cujns est solum, ejus est usque ad celum. 
In view of the fact that there is not, and never has 
been, any law in England which will support the 
Massachusetts doctrine, it is difficult to see how it can 
be justified, and certainly it can have no claim to the 
name so commonly applied to it.” 

VIIL. DRAINAGE OF SURFACE WATERS.—In all the 
States, without any distinction, it is held that the up- 

r proprietor cannot collect the surface waters upon 
his lands into a body and discharge it through a ditch 
or drain upon the lands of the lower owner,” or upon 
lands where they would not otherwise go.” It has 
been held that against an invasion of the rights of a 
lower proprietor by casting in a body upon his land to 


8° 7 C. B. 515, 564. 
®*° L. R. 3.C. P. Div. 168. 


** This question is very fally discussed in Boyd vy. Conklin, 54 Mich. 
| 583; s. c. 52 Am, Rep. 831. In that case it was held that the servitude in 
favor of the upper lands did exist. The court said: “It is urged strenu- 
ously on plaintiff's behalf that there is a radical difference between the 
| common and the civil law upon the subject of the relations of upper and 
| lower estates as to water easements and servitudes, and that at common 
law the latter owes no service to the former in regard to the flow of 
surface water. As we are not expected to be experts in the civil law, we 
| shall not attempt to discuss that department of jurisprudence as a sepa- 
rate subject. But it so happens that from the time of Bracton down, at- 
tention has been frequently called by the common law courts to the fact 
that the whole subject of rights in water has been defined by the civil 
law writers in terms which substantially agree with the recognized rules 
of the common law, and that they agree yery closely, not necessaril 
because one has been borrowed from the other, but rather because bot 
| are naturally drawn from the general usages and necessities of mankind. | 
... As previously suggested, the rights of upper and lower owners are 
| not treated by the common law authorities as peculiar to either common 
or civi! law, but as natural meidents to the land, which are and must be | 
analogous aa governed by universal jurisprudence, except where specially | 
modified. The English courts have never hesitated to cite the civilians | 
; on such questions, and they have decided cases arising out of England 
without attempting toinquire into any local law as the basis of decision.’’ 
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his injury the surface waters of the superior estate, 
the lower proprietor may defend himself by placing 
obstructions in the drain or channel, if he thereby 
does not inflict injury upon innocent strangers ; and 
it is to be noticed that this decision was given by a 
court which has adopted the doctrine of the civil law.” 
The upper og ged may, however, in the exercise of 
his right to the reasonable enjoyment of his lands, 
drain surface waters into a stream into which they 
would naturally flow, although the result may be to 
increase materially the volume of water flowing 
through the lands of the lower riparian owners,” but 
he cannot drain into the stream waters upon lands of 
which it does not form the natural drainage ;* and 
the right to drain into the stream is subject to the 
further limitation that the volume of water must not 
be increased beyond the natural capacity of the water 
course to discharge it, and that the land of an adjoin- 
ing owner is not thereby overflowed and materally 
injured.” 

n those States in which the civil law servitude has 
been adopted, the owner of the upper estate may make 
drainage works which are necessary to the proper 
cultivation and development of his estate. o that 
end he may cut ditches and lay drains, by which the 
flow of the surface waters upon his estate may be in- 
creased beyond the slow process by which they would 
ultimately reach the same destination.” ut this 
right cannot be used .by the upper proprietor for the 
om of reclaiming swamps and marshes, and must 

e confined to the natural development of agricul- 
ture.” 

In Indiana, a State in which the rule of the common 
law has been adopted, and in which, therefore, there 
is no natural servitude, the court in one case declared 
that the owners of the higher lands might make such 
drains as are required by good husbandry and the 
proper management of the surface of the ground, with- 
out being liable to any action at the instance of the 
lower proprietor,” but in a subsequent case the court 
laid down the rule that he either must keep surface 
waters within his boundaries or permit them to flow 
off without artificial interference, unless within the 
limits of his lands he can turn them into a natural 
water course. 

In New York, where the common law rule is also fol- 
lowed, it has been held that so long as the land owner 
only does upon his own premises whatsoever is neces- 
sary to enable him to have the natural use of his land, 
or, in any use he may make of it, does not injure his 
neighbor, no — arises for the interference of the 
court. Accordingly, where a land owner plows his 
land so as to leave a dead furrow at the bottom of a 
depression, for the purpose of permitting the surface 
water more -readily to escape, and the flow is thereby 
accelerated, the lower proprietor has no cause of ac- 
tion. 

An owner of land has no right at common law to the 
support of subterranean water, and if his neighbor 
drains his land and thereby causes the subsidence of 
the adjoining property, no right of action arises.’ 

IX. POLLUTION OF SURFACE AND PERCOLATING 
WATERS.—If any man bring filth upon his lands, he 
must keep it within bounds, so that it does not injure 
his neighbor.'** Accordingly, a proprietor who allows 
obnoxious substances to escape from his premises and 
contaminate a neighbor's well, is liable to an action 
therefor."* He may also be sued, altbough the filth 
is allowed to flow some distance over the surface of 
the ground, and then to fall into and pollute a water 
course.’ In England, an injunction was granted in a 
ease in which the defendant, who owned a worsted 
mill near plaintiff's property, allowed noxious and 
offensive refuse water to flow from his mill into an old 
pit on his own land, whence it percolated underground 
to plaintiff's colliery, and injured the health of his 
employes.’ Gas companies have been held answer- 
able for the corruption of adjoining lands and wells 
thereon, by the fluids percolating from the works ;'" 
and if it can be clearly proved that a place of sepulture 
isso situated that the burial of the dead there will en- 
danger lifeand health, by corrupting the water of wells 
or springs, relief may be obtained.’ But in one case, 
relief was refused when it appeared that the plaintiff 
had voluntarily bought a located his residence in 
the immediate vicinity of a burying ground which the 
defendants were merely preneaes to enlarge without 
bringing it nearer, and that his barn yard was nearer 
the well and more likely to injure it than the burying 
ground.’ J. C. THOMSON. 
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el THE SCREW TUG KATHLEEN. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 740. 


THE STANLEY CYCLE SHOW. 


| are most -_e, for a vessel of this ciass, and in- 
THE thirteenth annual exhibition of cycles and acces- 


elude Clark, Chapman, Parsons & Co.’s patent steam 


WE illustrate the steel screw tugboat Kathieen, | windlass. 


built and engined by Messrs. Cox & Co., of the Docks 
Iron Works, Falmouth. 

The Kathleen is 120 ft. long between pert 
by 20 ft. beam and 14 ft. deep, and is the 


most powerful tug yet built in the West of England. | link motion claimed by gears of this 


The engines are of the triple expansion type, with 


eylinders 16 in., 26 in., and 48 in. in diameter and 
vendiculars | 28 in. stroke, and are fitted with Sisson’s patent valve 
argest and | gear, which has the usual advantages over ordinary 


; there are 


sories, known as the Stanley show, was opened at the 
Crystal Palace, London, on the 24th January, and 
closed on the 1st February. The show was first held 
last year at the Crystal Palace, and was very success- 
ful, and this year the number of exhibitors has grown 
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The scantlings are in excess of Lloyd’s requirements 
for the highest class. An awning or shade deck extends 
for about sixty feet of the vessel's length, and a turtle 
back is fitted over the stern for the accommodation of 
the native crew, the vessel being expressly built for 
Indian service. 

Coal bunkers are placed on either side of the boilers, 
and a cross bunker forward of the fore boiler. When 
coal is burned down, the vessel is trimmed by a ballast 
tank placed forward. Ali the details of arrangement 


THE SCREW TUG KATHLEEN. 


also no siiding working’ parts, and throughout the 
gear is adjustable. 

The vessel's first run (of forty-seven days) was to Ran- 
goon, and at the end of this period the gear did not 
require overhauling. Steam is supplied at 150 Ib. 
working pressure from two large horizontal return- 
tube boilers, each being fitted with two of Fox’s patent 
corrugated flues. On the trial trip the engines gave 
out an indicated horse power of 600, and the speed at- 


| tained by the vessel was 12 knots..— Engineering. 


from 185 to 200. Two-thirds consist of the “‘ safety” 
or geared-up bicycle type, and the remainder are tan- 
dems, bicycies and tricycles for two riders, twin bi- 
cycles. tricycles, and ordinary bicycles. The last 
named type is coming back into partial favor again, as 
it is now made with a larger back wheel, and with the 
saddle placed farther back from the handles, thus giv- 
ing greater security to the rider. Diamond shaped 
frames and half diamond frames appear to be coming 
into general favor. Attention is being given to the 
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middle-aged rider by the introduction of a joint in the 
frame and springs to diminish vibration, and several 
makers exbibit specimens of this variety of machine. 

Mr. J. Marston, of Wolverhampton and Holborn 
Viaduct, exhibits some neat safeties, in which the 
frames are made of double tubes 4¢ in. diameter instead 
of the usual large size tube. ith a 30 in. front 
wheel and 28 in. back wheel, both with *4 in. tires, 
the weight is reduced to 36 Ib. for a full roadster, while 
a racer of the same pattern is 301b. This maker shows 
the lightest machine we noticed, viz.. a racer bicycle 
with 26 in. equal wheels, the weight being only 154¢ 
lb. In some of the cycles shown by this maker the 
driving chain can be tightened by means of Marston’s 
patent eccentric chain adjustment. This is accom- 
plished by the bearing of the crank axle being carried 
in an eccentric which can be turned round as the chain 
stretches until the tightening length is equal to the 
throw of the eccentric. 

One of the most striking objects in the exhibition is 
a Hansom cab on five wheels, the front small wheel be- 
ing a steerer and the four wheels behind the cab being 
driven by four riders. This machine is exhibited by 
the Coventry Machinist Company, and has been manu- 
factured for the Sultan of Morocco. The interior of 
the cab is well upholstered, and it contains asliding 
seat on whieh the Sultan can sit cross legged. The 
machine can be steered from inside the cab or from the 
rear by the riders. The machine is highly finished, 
the bright parts being all nickeled, and is a good 
specimen of what can be done in the cycle trade. 

A novelty is shown at the Pneumatic Tire Com- 
pany’s stand. The usual solid rubber tires are re- 
placed by hollow rubber tires2in. in diameter. These 
are inflated by a special force pump, and it is claimed 
by the makers that they deaden vibration. The tire 
is not of uniform thickness around its circumference, 
but is thicker on the wearing surface than elsewhere. 
A safety bicycle fitted with the special tire is exhibit- 
ed by this firm, and though it has been ridden for 1,000 
miles, the tire appears to be none the worse for wear. 
Three or four other firms also exhibit this particular 
form of tire. 

Among the novelties is a ‘‘ water cycle,” shown at 
Stand 230. This boat is worked by two riders in the 
ordinary cyclist manner, who drive a crank shaft which 
is geared to the paddle shaft. The boat is balanced 


by a pair of small outrigger floats, one on each side, | 


and they can be raised or lowered by a lever within 
reach of the drivers. The boat will carry four per- 
sons. 

A counterpart to the water cycle is to be found in 
Rudge’s ‘‘road sculler,” fitted with hand propelling 
gear and aslidingseat. This machine has been design- 
ed for the use of oarsmen. The machine exhibited by 
the Rudge Cycle Company, Limited, has 40 in. side 
wheels and a 22 in. front wheel. This firm has a good 
show, and in addition to ordinary machines they ex- 
hibit their “invalid” tricycle and their ‘* parcel car- 
rier.” Their novelties for the season consist of a 
spring frame and a spring handle. 

Mr. George Cousins, Birchington-on-Sea, Kent, ex- 
hibits a very light safety bicycle. The frame itself is 
its own spring, and it is formed of 44 in. square steel. 
The back whee} is large and the front one small. The 
seat is placed back about 45 deg. from the driving axle, 
and instead of the usual small saddle, the machine is 
fitted with a broad seat anda back rest. The weight 
of the machine is 48 lb. . 

The Goulden Syndicate, Limited, Clapton, London, 
show a variety of their ** Golden Era” cycles, inelud- 
inga military safety, in which the rifle is simply laid in 
sockets and not fixed. The frames are rigid, but the 
vibration is taken up by a spiral spring insulator on 
the hind wheel. 


M. John Pollitt, Lower Mosley Street, Manchester, 
shows several machines fitted with the “Collier” 
instantaneous change gear. This is a contrivance by 
which the cycle can be reduced in speed for hill climb- 
ing. It contains one pinion only, which drives the 
ehain wheel at the lower speed, which reduces the 
speed of the machine one-fifth. At the higher speed 
the pinion remains in gear with the chain wheel but 
does not work, and the whole is revolved as an ordi- 
nary chain wheel. The speed can be changed from 
the handle bar by a spring catch and levers with@raw- 
inga bolt, which locks the pinion and chain wheel 
together. The gear is covered by a dust cap in actual 
work, and can be fitted to any ordinary machine.— 
Industries. 


A WATER WALKER. 


PASSING along High Street, Caden Town, aday or 
two ago, I ran across this machine being conveyed to 
Regent's Canal on a barrow; on reaching the canal it 
was launched, and floated like a cork. The inventors, 


der, a saloon carriage, and a brake van. On board of 
it were Lord Colville, of Culross; the Marquis and 
Marchioness, of Tweeddale; Lord Dalrymple, Mr. 
‘Thompson, and other railway magnates uring part 
of the journey Lady Tweeddale took charge of the en- 
gine, and brought the train over the bridge at a steady 
pace of ten miles an hour. The incident was witne 

by thousands of persons. All being well, the Forth 
bridge will be officially opened by the Prince of Wales 
on March 4.—T7he Graphie. 


THE NEW RESERVOIRS AT MONTMARTRE. 


On the summit of Montmartre—the highest point of 
Paris—vast reservoirs have just been built to supply 
the whole of the population with water, which up to 
the present time has been very limited in quantity, 
Situated at the side of the Church of the Sacre Cour, 
bordered by Azais and St. Eleuthere Streets, they oc- 
eupy a surface of 2,300 m., and are composed of two 
distinct and perfectly separated parts, the first with 
two stories and the second three. The lower story of 


A WATER WALKER. 


Mr. Petts and Mr. Willis, took their seats and started on 
the trial trip, which appeared quite satisfactory. At 
one time there were four persons on it, and it will sup- 
port six. The wachine is a tandem machine with four 
drums. The fans are movable and work with aspring. 
They spring back flat against the surface of the drum 
directly they leave the water. The machine weighs 
2ewt., and measures about 12 ft. in length It is 
steered by a rndder worked by wires similar to a boat. 
The speed is about equal to that of an average walker. 
—London Graphic. 


TESTING THE FORTH BRIDGE. 


As a preliminary to the passage of the first train 
over the structure on January 24, the Forth bridge 
was tested on January 21 by Mr. John Fowier, Mr. 
Benjamin Baker, Mr. Arrol, and Mr, Stuart, of Lon- 
don, the last of whom was chiefly responsible for the 
mathematical ealeulations in connection with the struc- 
ture. At 10:30 A. M. two trains, each consisting of 
three engines and fifty wagons loa ed with coal, be- 
gan to steam slowly across the bridge from the South 
Queensferry end. The trains moved along abreast of 
each other at almost a walking pace, and stopped every 
now and then to enable the engineers to examine the 
levels and look out for deflections. The official report 
was most satisfactory, as the deflections observed were 
in exact accordance with previous calculations, and 
the bridge has been bardened with a load of 1,800 tons, 
more than double what it will have to bear in future. 
On January 24 the first train crossed the Forth bridge 
from end to end. It consisted of an engine and ten- 


each reservoir stores 4,800 cubic meters of river water 
atan altitude of 12730 m. The second story, witha 
capacity of 4,200 cubic meters, receives and distributes 
water direct from the source. The third story of the 
great reservoir also contains 2,000 cubic meters of spring 
water, which it can send to the old Chateau reservoir 
at the top of Lepie Street, which can only coutain 50 
ec. m., but which serves as a distribution tank for 
the higher regions of the Mount. These 11,000 ¢. m. 
are raised by works constructed at the foot of the 
Mount, which draw the spring water through the dis- 
tribution pipe of the Dhuis reservoir and the river 
water through the eee eve of the Berey works. 

Much study had to be devoted to the establishment 
and the construction on a soil excessively unstabie, 
and which, from its geological constitution, necessi- 
tated great precautions to protect it from the danger 
of landslips. 

The accompanying engraving—Fig. 8—shows that 
when once a virgin soil is reached, a bank of yellow 
sand is found preceding the layers of gypsum, the 
thickness of which is about 3 m., very fine and easily 
carried away by water. It was necessary then to avert 
the considerable change which presents itself here, 
either from infiltration through the masonry or from 
the cracks which are almost infallibly produced in the 
floors. With this in view, the principal floor bas been 
made with a layer of concrete, covered over the whole 
extent with impenetrable cement mortar, leveled in 
such a manner as to form a series of trenches, at the bot- 
tom of which are the drainage pipes, all running into a 
small gallery, which forms a collector beyond the works. 
A second bed of concrete, the total thickness of which 
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is 0°75 m., is run over the last covering, and finished 


horizontally to receive the masonry. The infiltrations 
are thus collected and drained off. This floor itself 
forms the ceiling of an under chamber easily accessible, 
enabling the arch which supports it to be thoroughly 
inspected. The network of galleries, 2°40 m, in height 
and 2m. wide at the springings, form a series of sup- 

rting arches, the pillars of which are the base of the 
pillars of the reservoirs. The floor of this under 
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chamber is cemented over wheré coming in contact | 
with the arches and pillars, which are rough, in order 
to permit of the free flow of the water running through | 
from the upper fissures. Finally, in order to prevent | 


the escapes which would take place in the embanked | 
part of the surrounding walls, and the existence of | 
whieh would run the risk of being unperceived for 
some time, one of the . ter recesses of these walls has 
a covering With trenches, and drainage pipes running | 


into the galleries of the under chamber. The lower 
story of the small reservoir, and the first two of the 
large one, are constructed in the center with support- 
ing arches, and round its circumference with inverted 
arches, the outer walls being joined to the floor by in- 
verts 2°50 m. in radius. The two upper stories are cov- 
ered by means of elliptie brick arches, of a total thick- 
ness of 0 07 m., and a rise of 0°60m. for 3°55 m. span ; 
the abutment piers are isolated from the cireumference 
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walls, as also from the covering itself by a space of 
0°10 m., simply covered by brick placed flat without 
mortar. The spandrels of the arches are filled with 
econerete surmounted with a covering of cement and 
turfed over. The composition of these vaults is as fol- 


lows : 
(1.) Great reservoir : Meters. 

Lower story : Depth of water.......... ... 5 
Depth under keystone............. 5°80 
Span of the vaults in center........ ... 27 
Thickness of the pillars............ (1°60-+-1°30)+2 

Middle story : Depth of water... ........ 3°50 
Depth under key. 4°40 
Thickness of pillars................. (1°15-+40 95)+2 

Upper story: Depth of water.... ..... . 2°30 
Depth under key........ 3°40 
Thickness of brick pillars .............. . 0°45 


(2.) Small reservoir : 

Lower story : Same as lower story of great 

reservoir. 

Upper story : Depth of water.............. 

The surrounding and partition walls are calculated 
after the most unfavorable hypotheses, which are 
never realized in practice; all the stories reckoned as 
full, the isolation of the abutment piers of the arches 
of each story is assumed, and no account is taken of 
the support from the embankments, or for the parti- 
tion wall, the counter thrust of the small reservoir. 
Under these conditions is found : (1) Minimum distance 
of the facing of the wall from the curve of the pres- 
sure : Great reservoir, 0°67 m.; small reservoir, 0°36 m.; 
partition wall, 047m. (2) Maximum pressure on stop- 
page of shutting off : Great reservoir, 9°12 k.; small 
reservoir, 8°92 k.; partition wall, 9°65 k. 

The vertical pressures, on account of the oval form 
of the lower galleries, is uniformly divided over the 
whole surface of the foundation floor. From 1262k. 
at the springiugs of the lower story of the great reser- 
voir—Fig. 5—they fall thus to2°39k. For the small 
reservoir they are 12°03 k. and 1°70 k. At the base of 
the south wall there has been added an abutment 
apron—see engraving, Fig. 8—jutting out to prevent 
the removal of the bed soil there by underground 
water. This precaution has been taken because it 
was found at this point that they were near the limits 
of the old embankments or of the made ground. The 
masonry is of millstone, with Portland cement and 
mortar, 470 kilos. per cubic meter of sand for the lower 
and middle stories, and of Burgogne bricks for the up- 
per stories, 

The decorative parts only are in rough ashlar facings, 
except the cornices and the covering of the towers, 
which are chisel dressed. The plasterings are of Vas- 
sy cement and sifted sand, 0°02 m. for the pillars and 
surrounding walls, 0°03 m. for the floors. s we have 
said, this is not applied to the intrados. The pillars of 
the upper stories are also uncovered, but they rest on 
the general coating of the corresponding floors. The 
lighting and ventilation are secured by lateral rectan- 
gular openings made in the outer wall, and by lights 
admitted through the top of the covering at one part, 
and another by the shafts of 1 m. in diameter, which 
are open to the air on the earthworks, and give access 
to each story for the descent of materials in case of 
repairs being required. We have already stated that 
the two lower stages are destined for river water. The 
feed pipe, 0°40 m., for this runs into the 127°30 m. tank, 
from whence the two supply pipes of these reservoirs 
run out. The feed pipe of the spring water, also 0°40 
m., ends at the side 132 of the supply tank of the two 
second stories. It is lengthened bya branch of 030 m. 
as far as side 136, to permit of the intermittent filling 
of the upper story by the occlusion of the supply of 
the tank. The play of these two principal pipes is 
governed by five valves, placed at their extremes into 
the central gallery of the lower chamber, and enables 
use to be made at will of either the spring or river water. 
The distribution pipes are 050 m. diameter, except 
that which unites the upper story of the great reser- 
voir with the reservoir of the Chateau, which is only 
0°25 m. Each story is provided with distribution and 


ive 


emptying sluices, worked by means of apparatuses 
placed on the earthworks of the reservoirs. 

The works were executed between 1887 and 1889, un- 
der the direction of M. Bechmann, ehief engineer, on 
the plans of M. Journat, engineer in ordinary, under 
the conduct of M. Dutoit, principal contractor. The 
masonry was undertaken by M. Lagies, and the water- 


works by MM. Mathelin and Garnier, The approxi- 


mate expense has amounted to: 


Francs. 
Earthworks and 970,000 
... 30,000 
1,000,000 


The particulars and engravings are from The Engi- 
neer and Le Genie Civil. Fig. 1is the west elevation 
of the buildings ; Fig. 3 is a horizontal section ; Fig. 2 
is the east elevation; Fig. 4 is a horizontal section at 
the lowest story seen in the vertical longitudinal sec- 
tion, Fig. 5; Fig. 8 shows the geological formation 
below the reservoir ; Fig. 6 is a general plan of the new 
reservoirs at Montmartre, and the adjacent streets and 
buildings ; Fig. 7 is an enlarged section of the partition 
wall, showing by figures and a line the magnitude of 
the pressures and direction of the forces at any point ; 
and Fig. 9 is a section through the piers, and by figures 
gives the pressures on the masonry and on the foun- 
dation. 


LABORS OF THE INTERNATIONAL BUREAU 
OF WEIGHTS AND MEASURES. 

THE first meeting of the General Meter Conference 

was held at the pavilion of Breteuil (St. Cloud Park), 

from the 24th to the 28th of September, 1889. The mis- 


LM 


Fie. 1.—Standard Meter. Fie. 2.—Flexion of the 
Rules. Fig. 3.—Device for Graduating the Meter. 


sion of this conference was to sanction the labors of the 
International Bureau of Weights and Measures, and to 
receive the metrical prototypes designed for the sub- 
seribing states of the meter convention. It consisted 
of the International Committee of Weights and Meas- 
ures, of the French section of the Meter Commission, 
and of the diplomatic or scientific delegates of the 
states represented in the reunions of 1872. The presi- 
dent of the Academy of Sciences was the president of 
it de jure. The Minister of Foreign Affairs, desirous 
of showing the great interest that the government took 
in this conference, opened the first session himself. 
We shall say but little of the conference itself, of 
which we might give a pretty accurate idea by mere- 
ly reproducing the speeches that were delivered. It 
was at the second session that the prototypes received 
their official sanction, and were distributed by Jot 
among all the states. The international meter and 
kilogramme, so exact copies of those of the Archives 
that it is impossible to detect the direction of their er- 
rors, were placed in the strong box, situated in a deep 
cellar closed by three locks, whose keys were respectite- 
ly in the hands of the director of the bureau, of the 
president of the committee, and of the guardian-gener- 


al of the Archives. 


8., 


Fig. 


The extraction of these standards by an officer of the 
International Bureau was, therefore, subordinated to 
the authorization of the International Committee and 
the French government. It could take place only in 


states the absolute guarantee that the fundamental 
standards of the metrical system should run no danget 
of being injured by ill-disposed or careless persons. 

As we have said, the mission of the conference was to 
sanction the labors relative to the new prototypes of 
the metric system. We propose to pass these various 
labors rapidly in review. 

It will be remembered that the Meter Commission, re- 
nouncing the primitive andtheoretic definition of stand- 
ards, decided simply to copy the meterand kilogramme 
of the Archives in their present state. The problem 
was, therefore, reduced to the making of these copies, 
then to the getting up of immutable standards for the 
states, and to the determining of their exact value. 

The selection of the metal was a subject of profound 
discussion, The material for the meters and kilo- 
grammes had to be very hard and unchangeable with 
time, not attackable by atmospheric agents and by or- 
dinary chewical agents, and very refractory, in order 
to resist even the temperatures that might accidentally 
occur in the fire of a laboratory. 

The important labors of H. Sainte-Claire Deville led 
to the adoption of alloy of platinum and iridium (the 
latter in the proportion of 10 per cent.) This metal is 
extremely hard ; its resistance verges on that of steel, 
and its temperature of fusion is that of dazzling white 
(according to Mr. Violle, 1,775° for platinum and 1,950° 
for iridium). 

The metal necessary for the construction of the me- 
trical standards was ordered from Messrs. Johnson, 
Matthey & Co., of London, who, after long researches, 
succeeded in purifying it. The difficulties of separating 
the last traces of rhodium and iron from the iridium 
were, says Mr. Matthey, almost insurmountable. It 
took no less than eleven consecutive analyses, the re- 
salt = which was not declared satisfactory till October 
18, 1885. 

The hardness of the metal, which is an important 
quality for the construction of standards, rendered the 
manufacture of them particularly difficult; it was ne- 
cessary, from the lessons of experience, to modify the 
tools employed for planing metals. Finally, after nu- 
merous experiments, the tirst rule was delivered in 
April, 1886. 

he rules have the form shown in Fig. 1. This form, 
which is odd, at first sight, has been so calculated by 
Mr. Tresea that the distance of the divisions limiting 
the meter and engraved upon the surface, A, are inde- 
—— of the support of the rule. Fig. 2, in which the 
exions are purposely exaggerated, shows that the up- 

r surface of a rule elongates or contracts according as 
it is supported at the center or atthe ends. The medi- 
an line, called the surface of neutral fibers, remains 
sensibly invariable. The X-shaped standard has been 
so calculated, moreover, as to effect as much saving as 
possible in the very costly material. 

Most of the old standards of precision are very deli- 
cate and can be handled only with the greatest care, if 
it be desired to prevent permanent distortions ; the 
new ones, on the contrary, are exceedingly strong, and 
are capable of undergoing shocks without danger. Ac- 
curate experiments have shown that a weight of forty 
kilogrammes can be suspended from the middle of an 
X-shaped meter without permanently modifying it. 

The rules, delivered in a crude state by Messrs Jobn- 
son, Matthey & Co., were finished and cut tothe length 
of 102 centimeters by Messrs. Brunner Bros., of Paris. 
Then they were polished and engraved at the Con- 
servatoire des Arts et Metiers. A beginning was made 
by polishing a space near each extremity, and then the 
rule was placed in a horizontal comparing apparatus, 
where it received the two lines defining the meter, and 
each accompanied with two other lines at half a wilii- 
meter from the central line. Thus there was obtained, 
at the same time with the metric standard, the micro- 
metric standard, under the form of two millimeters. 
A brief description of this mode of engraving will 
doubtless interest some of our readers. 

Upon a board, B (Fig. 3), is placed the model rule, I, 
and the ruleto be engraved, H. The apparatus having 
been adjusted, the first line of the rule, I, is brought 
under the microscope, M. Then, by a proper move- 
ment of the diamond engraver, a line is marked upon 
the rule, H. The board is then shifted parallel with 
the axis of the rules, until the second line of the rule 
occupies in the microscope exactly the position in which 


Eglise 
Saint. Pierre 


the first was found ; then a new line is engraved upon 
H, and soon. The entire engraving is done without 
the operator seeing his work ; it is not until he has fin- 
ished it that he can examine it. The least defect ne- 


the presence of the depositaries of the various keys. | cessitates the entire work being begun over again, for 


These precautions, which at first sight seem to bea 
little excessive, were necessary in order to give all the 


in view of the precision that it is necessary to expect, 
it is impossible to mend an interrupted division. This 
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difficult work, performed by Mr. Gustave Tresea, has 
succeeded in an unexpected manner; one of the first 
meters engraved, compared with the standards at the 
International Bureau, served as a type for the rest of 
the operations. Now, among the thirty meters thus 
engraved, there is none whose equation reaches 3 
(three thousandths of a millimeter), and the mean of all 
is exactly equal to the International meter ; whence 
we conclude that there was no systematic error in the 
instruments, 

We shall not expatiate upon the manufacture and 
adjusting of the kilogrammmes, which presented difficul- 
ties of another nature and not so great. The iridium- 
platinam cylinders that served for this were strongly 
compressed in a powerful apparatus in order that all 


measurements. his required an uninterrupted labor 
of two years. 
The measurements were wade independently by sev- 


eral observers and by means of various apparatus. 


leads to the admission that the errors of the equations 
scarcely exceed 0°2u (two ten-thousandths of a millime- 
ter) for the rules, and are certainly less than 0 0! mg. 
for the kilogrammes. The accuracy of the weighings, 
greater than one hundred thousandth, or to a magni- 


the small internal cavities might be crushed. The 
movement of the density shows the continuity and, 
within certain limits, the purity of the metal. 

While awaiting the delivery of the standards, the 
Bureau occupied itself with the elaboration and im- 
provements of the methods of comparison. The first 
apparatus, which were quite imperfect, were partially 
replaced with those which have already been described ; 
and others completed the collection. 

A long series of comparisons had put the Bureau in 

ssession of provisional standards of the meter and 

ilogramme, whose equations with respect to the stand- 
ards of the Archives were exactiy known. But it was 
still necessary to determine a certain number of copies 


+ MACHINE. 


tude corresponding to 10 centimeters upon the terres- 
| trial quadrant, is the greatest of all that can be obtain- 
ed in physical measurements. 

For many years in most civilized countries it has 
been the custom to measure off great systems of tri- 
angles that ye of fixing the relative position of a 
| certain number of points of the earth’s surface very 
accurately. To this effect, a start is made from a base 
|of afew kilometers measured with great care, and, 
aftera large portion of the country has been gone 
over, a return is made toa new base which serves to 
verify the accuracy of the measurements. Sometimes 
the geodesists of two neighboring countries enter into 


|an arrangement to determine independently the side 


for the labors of the Bureau, to measure their expan-;of a triangle situated in proximity to the common 


sion, and to get up standards of the subdivisions of the 
meter and kilogramme. 

On this subject a few words of explanation may not 

rove amiss. To speak only of the measurements of 
ength (the same reasonings and nearly the same _ pro- 
cesses are applicable to the masses), we may say that 
although there exists in the world one meter exact by 
definition, it caunot be pretended that we have a per- 
fectly accurate single decimeter, centimeter, or milli- 
meter. Remaining within the limits of practice, we 
ean assert that in a well divided meter there are but 
very few millimeters whose error is less than the limit 
of the errors of observation. 


frontier. Now, it has been found that the differences 
between the values ascertained for the same line, in 
starting from two different triangulations, are often 
much greater than would have been expected, being 
given the concordance obtained with the bases of con 
trol. Hence, it was naturally granted that the fault 
was in the starting bases, and that the rules used in 
measuring them presented notable differences. The 
authentication of this had much to do with the found- 
ing of the International Bureau of Weights and Mea- 
sures, one of whose missions is to determine the exact 
value of the rules employed in geodesy. It was with 
such an object in view that was constructed the geo- 


If we desire to find the error of a millimeter, we be- 
gin by comparing the divided meter with the meter ex- 
act by definition. Afterward, on comparing the deci- 
meters with each other, we ascertain the excess of each 
of them over their wean, and, consequently, the error | 
of each separate decimeter. Afterward, by an analo- 
gous process, we pass from decimeters to centimeters, 
and from centimeters to millimeters. 

This operation which we are describing in afew words 
takes nearly a year of assidvous work. It may be done 
by means of an instrument called a universal compar- 
ing machine—called universal because it permits of 
measuring all the lengths bet ween certain limits, while 
most comparing apparatus are designed solely for 
measuring definite lengths, generally one meter or sev- 
eral meters. 

The universal comparing machine (Fig. 4) consists 
essentially of two microscopes, M, movable upon a very 
massive cast iron bridge, A, supported by stone pillars, 
P. The rules are placed upon two supports, B, capa- 
ble of being moved in all directions. 

The tests can be made by different processes. The 
simplest consists in fixing the two microscopes upon 
the bridge at an invariable distance, say of 1-10 m., for 
example, and in making all the decimeters of the rule 
pass successively in their field. The two microscopes 
thus form an optical compass by means of which each 
decimeter is measured separately. 

We shall speak further along of the various other 
labors undertaken by the Burean. For the present we 
wish to terminate what concerns the study of the pro- 
totype standards designed for the subscribing states. 
Here again we shall speak only of the meters, of which 


desic comparer, which has already served for meas- 


uring several important rules. In measurements upon 


the ground it is necessary to diminish the number of 
stretches as much as possible, and consequently to 


Their variations therefore give a good criterion for the | 
accuracy of the same. They also indicate the limit) as follows: A large base of beton, 6 meters in length, 
that it is now possible to obtain. A profound study |4in width, and 3 in height, supports seven monoliths 


measurements of the expansions. As each series com- | 
prised 6 measurements of one rule and 5 of the other, | and solidity permits of employing. To-day, the length 
we reach the very respectable number of about 13,000 of 4 meters is agreed upon. 


| have spoken. 


make use of as long rules as the question of height 


he geodesic comparer is 
constructed upon that basis. This instrument, of 
which we give a plan in Figs. land 2, and a general 
view in Fig. 4. serves to adjust the rules ; that is, to 
determine their length, starting from the meter, and 
also to determine their expansion. It is constructed 


upon which are fixed as many microscopes provided 
with micrometers. Five of these microscopes are 


placed in a straight line at a distance of one meter . 


apart, and the two others are four meters apart in a 
straight line parallel with the first. Two troughs, with 
double sides, supported by a strong cast iron carriage, 
serve to receive the rules, which are placed upon sup- 
ports provided with the necessary regulating move- 
ments. The carriage runs upon rails, and is actuated 
by astrong screw placed beneath. Upto this point, 
the apparatus hardly differs, except in size, from the 
comparers before described ; but what gives it a very 
peculiar character among instruments of precision is 
the very important use made of electricity in it. The 
microscopes get their light from small electric lamps, 
provided with collimators, and the agitators that 
serve to stir up the water vigorously soas to secure a 
uniformity of temperature are actuated by small dy- 
namos. It is also an electric motor that, through the 
intermedium of the lever, moves the carriage and the 
troughs, which, together, weigh more than four tons, 
Finally, a dynamo outside of the hallactuates two tur- 
bines which continuously pump out the water con- 
tained between the double sides of the trough. This 
water, cooled or heated, according to the requirements 
of the experiment, returns through its own weight 
and keeps the water of the internal trough at a con- 
stant temperature. 

It is easily seen how the apparatus thus constructed 
serves to solve the wultiple problems of which we 
If it be desired to regulate a 2,3, or 4 


| meter rule, the latter is placed upon one of the sup- 


ports of trough No. 1, and upon another support op- 
posite the first is arranged a standard meter. Then, 
by means of microscopes, the value of the first meter 
is measured and is compared with the standard meter, 
The latter is then moved one meter toward the right,and 
soon. The expansion is measured by comparing. by 
means of special microscopes, the rule to be studied 
(placed in the first trough and raised successively to 
various temperatures) with a comparison rule placed 
in the second trough and kept at a constant tempera- 
ture. It generally takes from 6 to 10 hours to fix 
the temperature of the two troughs properly. The 
measurements made by two observers take from 2 to3 
hours. One comparison can therefore be made in a 
day of from 8 to 12 hours’ work. The measurement 
of an expansion requires twenty comparisons. Count- 
ing the start and a few delays, it may be said that the 
measurement of the expansion of a geodesic rule re- 
quires the co-operation of two observers for a month. 


Thermometric Researches.—There is scarcely a mea- 
surement, no matter in what science, in which the de- 
termination of a temperature is not concerned, either 
as a simple accessory datum or as an important part 
of aresearch. In meteorology the exact measurement 
of a temperature is an absolute necessity. It is utterly 
useless to know the length of arule to nearly a_ ten 
thousandth of a millimeter if one cannot say, at least 
to about a hundredth of a degree, to what tempera- 
ture such length corresponds. While, then, the very 
— methods for the measurements of lengths were 

eing elaborated, it became necessary to carefully ex- 
amine the thermometric processes. As the importance 
of the question gradually increased in measure as re- 
searches continued to be made, the necessity was re- 
cognized of establishing at the international bureau a 
genuine thermowmetric service on a par with that of 
the measurements of lengths or weights. This service 
was divided into two parts; on the one hand, wercu- 
rial thermometers were studied, and, on the other 
hand, the gas thermometer. Up to recent years, the 
mercurial thermometer has been greatly condemned. 
There have been attributed to it all sorts of causes of 
variability that rendered its indications absolutely in- 
accurate. In such an opinion there is something both 
true and false. It is possible to guard against the 
most periodical variations by a judicious selection of 


thirty have been delivered. For the kilogrammes, 
forty in number, the principle of the methods of com- 
parison was exactly the same. } 
The standards were designated by numbers, arranged | 
upon horizontal and vertical! lines. Each standard was | 
then compared with all those of the same horizontal | 
line and of the same vertical column. Each compari- | 
son of two meters was nade four times, by alternately 
lacing one end of each of the rules to the right and 
eft of tne observer. | 
The series of comparisons of the meters numbered | 
784, to whieh must be added nearly 400 series for the! 


| 


Whi 


Fie. 5.—GAS THERMOMETER OF THE INTERNATIONAL BUREAU OF WEIGHTS: AND 
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the glass of which the thermometer is made, and also 
may be eliminated by a rational mode of operation. 
When a thermometer is heated for some time, the in- 


dieation corresponding to the temperature of fusion of | tubes in which there is a circulation of steam, we shall 
the glass lowers ; but, if the heating be continued, the} be able, in noting their indications at the same time 
zero begins to rise in consequence of a sort of anneal-| that we determine the 

ing of the glass. Mr. Crafts has produced elevations | tion as compared with t 
of the zera reaching 26 degrees in flint glass thermo- | 
meters heated for hours at 355 degrees. It is found by have been compared, 
the use of hard French glass analogous variations are | carbonic acid, nitrogen, and hydrogen thermometers. 


grees are scarcely appreciable, and experience has | the Centigrade scale of the hydrogen thermometer as 
proved that in such thermometers all the constants| the normal thermometrie scale for the international 


reached to a quantity nearly ten times less. The ef- 
feets of annealing in thermometers heated to 100 de- 


(that is to say, the volume comprised between the zero 
and hundred points, the relative volumes of various 
parts of the tube, ete.) are absolutely invariable with 
time. But, in all the thermometers hitherto construct- 
ed there has remained a variation of the zero point 
with the temperature. Now the effect of such varia- 
tion may be completely eliminated by considering the 
indication of the thermometer as constituted by the 
difference between the reading and the position of the 
zero determined immediately afterward. 

In studying the thermometer, all the differences of 
tube diameter are measured by observing the length 
of several columns of mercury at different points. 
Afterward the value of the degree and the elasticity of 
the reservoir are measured, so that the variable pres- 
sures that it undergoes from the exterior or interior 
may be determined upon applying the corrections thus 
determined to the measurements. The indications of 
the thermometer are made to correspond with those of 
an instrument of the same material without defects. 
Now, it has been demonstrated by numerous experi- 
ments that allthe thermometers of the same glass, 


studied and corrected separately, give indications that | 


are identical to within about a few thousandths of a 
degree. 
As the true measurement of temperatures is given by 


the gas thermometer, it became necessary, for a group | 


of thermometers, to determine the difference between 


their indications and those of a gas thermometer. The 


indications of all mercurial thermometers made of the | 


same glass could then be made to agree with the scale 
of the gas thermometer after these thermometers had 
each been submitted to study. 


The new gas thermometer of the Bureau is repre-| selves this question: What is the use of measuring 
sented in Fig. 5. It consists of a reservoir, R, of iridized | lengths masses, and temperatures with the precision 


platinum of a capacity of about one liter, and of a 
pressure gauge. This reservoir, which was once used 
in some important experiments by H. Sainte-Claire 
Deville and Mr. Maseart, belongs to the Institute of 
France, and is something unique. The pressure gauge, 
M, is of peculiar constraction. The open branch serves 
as a barometer cistern, and, as the pressure that acts 
upon the gas consists of the manometric pressure in- 
creased by the actual barometric pressure, we can dis- 
pense with determining the position of the meniscuses 
of mereury in the open branches of the barometer and 
pressure gauge, since these meniscuses coincide. In 
Fig. 5 simplified. the pressure of the manometer or 
pressure gauge is A B, and the atmospheric pressure is 
balanced by the height of mercury, BC. As the two 
meniscuses are confused at B, the total pressure is 


In order to read the position of the meniscuses, we 
exainine, through the two telescopes, L L (Fig. 5), 
the interval comprised between a point of glass and its 
image in the mercury, and by a rotation of the cathe- 
tometer, D, we lay off this length upon arule. As the 
temperature, by definition, is proportional to the ten- 
sion of the gas, the pressure thus measured permits of 


measuring the temperatures indicated by the gas. If 
mercurial thermometers be placed in the trough full of 
water of the reservoir, R, or, as shown in the figure, in 


to know their correc- 
e gas thermometer. 

Up to the present, mercurial flint glass thermometers 
between —25° and + 100°, with 


It was in the train of a long series of researches that 
the international committee decided in 1887 to adopt 


service of weights and measures. 
The diagram (Fig. 6) shows the variations of different 


Cristal 


Fic. 6.—VARIATIONS OF THE INDICATIONS 
OF VARIOUS THERMOMETERS. 


mercurial or gas thermometers as compared with the 
normal seale. Theabscisses represent the temperature 
from — 25° to +100°. The indications of the hydrogen 
thermometer are confused with the axis. The variations 
of the other thermometers are figured as ordinates on 
a twice larger scale. 

In conclusion, let us say further that each of the 
meters distributed to the states in the last conference 
was accompanied with two perfectly regulated mer- 
ecurial thermometers with their tables of corrections. 
They will contribute to a unification almost as import- 
ant as that of the lengths and measurements—the uni- 
fication of the thermometer. 

Many of our readers, we are sure, will now ask them- 


that is now sought for? This question is very legiti- | 
mate, and we shall try to answer it. Let us leave! 
wholly aside the commercial and industrial point of | 
view (in which we shail find condemnation only), and 
remain in the domain of science. The study of the 
form and constitation of the earth is one of the oldest 
problems that humanity has proposed to itself. It was 
once thought that the earth was flat, then it was ad- 
mitted that it was spherical, and it was recognized to- 
ward the end of the seventeenth century that it was 
flattened in the direction of its axis. To-day another 
question arises: Is the earth symmetrical around its 
axis? Isit not rather an ellipsoid with three axes? An 
affirmative answer to this question would evidently 
solve that of the first meridian, the latter having logi- 
cally to be taken through one of the principal axes of 
the eliipsoid. But this study is as yet incomplete, for 
want of a unification and sufficient precision in geo- 
desic measurements. A micron per meter corresponds 
to 10 meters upon the senveutetal quadrant. Such ex- 
actness is necessary to-day, and greater exactness will 
soon be required. 

Very precise weighings will permit of solving deli- 


cate problems of molecular or chemical physics. 


The study of gases, for example, will be able to de- 
rive valuable data from weighings made in an artifi- 
cial atwosphere hermetically inclosed in the cage of a 
balance. As for the measurements of temperature, so 
universally employed, we dare to say that the disfavor 
into which they had fallen has interfered with a 
goodly number of labors. Chemical mechanics, and in 
a general ae thermodynamics, profits greatly from 
colorimetry. In the latter science many important 
questions were decided on the day on which precision 
passed from one per cent. toa value three times lese. 
Now, as it is a question here of the measurement of 
intervals of from 3 to 4 —— it will be seen that the 
measurement to about a hundredth of a degree is ab- 
solutely necessary. 

The day is not far distant on which, after the general 
methods have been somewhat still further improved, a 
precision of 1 per 1,000 will be sought, and then the 
measurement of tewperatures to within two or three 
thousandths of a degree will be required. So much for 
the present time; but let us take a retrospective glance 
and see what precision was reached a century ago, and 
let us suppose that the progress of science continues. 
foracentury further the astounding pace that it has 
for the last hundred years, and we shall then see that 
the standards furnished by the International Bureau 
of Weights and Measures will wore coeey correspond 
to a multitude of requirements. ill they absolutely 
suffice ? 

It would be imprudent to answer either yes or no. 
And this leads us to touch — an important question 
—that of precision in general. 

Those who have had wost practice in measurements 
of precision estimate that, starting from a certain de- 
gree, the difficulties increase in a huge proportion—that 
of the square of the precision sought, according to 
geometers, but in a much larger proportion according 
to physicists. In reality, the true limit is given by quali- 
ties inherent to matter and to the observer. Whatever 
be the apparatus used by astronomers, the exactness 
of their measurements will always be limited by the 
irregularities of atmospheric refraction. So, too, a 
physicist will never be able to obtain a perfectly uni- 
form temperature ina bath. For the one, as for the 
other, the faculty of estimating a distance by eye limits 
the exactitude of a point, and in a century such 
faculty will be the same as it is to-day. 

We should have liked to say a few words about the 
future labors of the Bureau, but we do not desire to 
tire the patience of our readers, who will pardon us for 
many dry details, and who will perhaps thank us for 
having endeavored to show through what long labors 
the unification of weights and measures, inaugurated 
by France and accepted by the larger part of the 
civilized world, has been prepared, and how great suc- 
cess has followed the effects attempted.—La Nature. 


DESIGN FOR A CONICOGRAPH. 
By A. HARRIS. 

THE theory of this instrument can be readily obtained 
by inspecting the figures. We suppose the foci and 
travsverse axis of an ellipse or hyperbola to be given. 
Let F F’ denote the foci,and P a point upon the 
curve. EP always equals F’P (because AE = A F’, 
AB=AD=BC=D0C). Nowif E F be taken equal 
to the transverse axis, then F P+ F’ P=E F. Hence 
P describes an ellipse or hyperbola. 

At Pis a draughting pen following simultaneously 
the two grooves APand EP. In the lower groove, at 
P, isa rectangular piece fitted to follow this groove 
accurately. This piece is pierced by the pen, which 
turns in it freely. 


Hy perhola. 
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But the pen is rigidly fixed in the piece following the 
upper bar, so far as rotation is concerned, and its edge 
always coincides in direction and position with the cen- 
ter of the upper groove. Since, then, the edge of the 
pen is always tangent to the curve, the line drawn 
ought to be of uniform width. 

To draw an ellipse or hyperbola whose transverse axis 
and foci are given, lay off upon the graduated arma 
distance, B F, equal to the given axis, and fix this dis- 
tance by the clamp at E. Fix the distance F F’ by the 
clampe G and G' upon the bed piece. 

While the left hand holds the bed piece firmly in 
position, the right moves the pen, P, care being taken 
that the force exerted be directed along the bar A P. 

Besides the parts shown in the figures, or referred to 
above, several washers should be used and all parts 
thereby brought to their proper levels. All bars, wash- 
ers, etc., should be of uniform thickness for conve- 
nienee in construction and operation. 

It is thought best not to attempt the application of 
this method to the drawing of parabolas, for the prac- 
ticability of the instrument, when modified for that 
purpose, seems somewhat uncertain, 


AN INDEX PLATE FOR AMATEURS. 
By Lieut. C. D. PArKuuRstT, U.S. A. 


FREQUENTLY in amateur work an index plate be- 
comes necessary, and the amateur is at a loss how to 


Kg. I. 


and accurately fitted to the live spindle, and trued up 
allover. It is the better practice not to line off the 
face with concentric circles, or to polish this face. It 
should be simply faced off with a quick speed, and a 
fine feed and light cut for the final facing, so as not to 
leave any tool marks. 

The size is a matter of moment. Of course, one 
would want as complete an index as possible, and size 
is necessary to give this, for otherwise the holes would 
be small, or very much crowded. It is recommended, 
therefore, that the size be made about as large as the 
lathe will swing—nine or ten inches, for instance— 
though, of course, a smaller size may be made. 

Another advantage in a large plate is that any possi- 
ble error is reduced when dividing up work, in just the 
proportion of the diameter of the plate to the diame- 
ter of the work being divided. 

The form and size of the plate having, therefore, 
been determined, and the plate itself got out as above, 
the next thing is to prepare the tools with which to 
divide it up. 

A long, straight strip of either spring brass or steel, 
about one-eighth inch thick and from one-half inch to 
three-quarters inch wide, is first procured. For a nine 
inch plate this should be about thirty inches long in 
the rough. 

A block of steel about one and one-half inches long, 
one-quarter inch thick, and bent at right angles, so as 
to give a guiding edge, is then got out of a width so as 


to match the strip of spring brass. This is filed up so 


Mig 3 


one and the block is then ready for use. See Figs. 1 
and 2. 

The strip of brass is now taken and drilled with a 
hole to match the pin of the steel block, and so that 
the guiding edge of the block bears truly upon the 
— of the brass strip. The pin is entered into this 
hole, the block clamped or held firmly in place, and a 
second hole drilled in the strip, the drill entering 
through the hole in the steel block, the latter acting to 
eenter and guide the drill. The pin is now shifted to 
the second hole, a third hole drilled as above, and so 
on for any number of holes, care being taken to keep 
the block true, the pin properly in the last hole drilled 
as a new one is being drilled. By this means the holes 
in the brass ae will be accurately in line and accu- 
rateiy spaced, Fig. 3. On the edge of the brass strip 
a number of other holes may be drilled for the inser- 
tion of screws to hold the brass strip in place, as will 
presently be described. 

Thestrip having been drilled, the next thing is to fit it 
to the form of a circle. One more hole than the number 
required should have been drilled, as, for instance, 
241, and then the strip may be sprung to the form of a 
circle and a pin put through the end holes to hold it 
while being cut, or warked for cutting and fitting, so 
that the space between these two holes may be accu- 
rate when the circle is finally in place. The steel block 
may also be used for this purpose by fitting a pin in the 
second hole, and then only the exact number of holes 
may be drilled. 


fo) 


fo) 


Sg & 


Big. 8 


AN 


provide one that he can know is accurate. It is the 
writer's purpose to describe a method of constructing 
one that, with careful work, rill be accurate, and give 
to the amateur a finished index plate of metal 

But few tools are necessary, and all that will have to 
be constructed are within the compass of an engine 
lathe, and can be made also upon a plain lathe, if the 
amateur is a skillful screw chaser. The special tools 
that will have to be made are all useful at all times for 
special = So the amateur will have no useless tools 
on hand when the index plate is finished. 

The material for the index plate and its form first 
claim attention. The writer has found that cast iron 
ia the best material readily available, and, if for use 
with the lathe alone, one made like a regular face plate, 
to serew upon the nose of the live spindle, is the best 
form. This will be the particular form described, 
though the same method can readily be modified to 
construct other forms, as will readily suggest itself to 
the intelligent mechanic. 

The index plate is then first got out as a face plate, 


as to be true on the face adjacent to the right angle, 
and is then to be drilled with two holes on the center 
line, true with the guiding edge, and at a distance 
from center to center to be determined by calculation, 
depending upon the number of holes to be laid off on 
the index plate. The following is given as an example: 

Suppose the diameter of the circle to be fitted with 
this brass strip (as will be hereinafter described) is ten 
inches, the circumference will be 31°416 inches, and the 
brass strip should be that long to form a band about 
that size circle. We wish to use this cirele to divide 
our index plate into 240 equal parts. Then the holes in 
the brass strip must be 0°1309 of an inch apart, and, 
therefore, the two holes in the steel block must be the 
same distance apart, and such a size as not to cut into 
each other, and to leave a good strength of metal be- 
tween the holes. 

These two holes having been drilled, one of them is 
then fitted with a steel pin, made slightly conical on 
the exterior, and of size to fit the hole snugly and ac- 
curately. It may be fastened in in any manner conve- 


INDEX PLATE FOR AMATEURS. 


When the ends have been properly squared and 
pointed as above indicated, the strip may then be 
made into a permanent circle by fitting a brass strip 
over the joint on each edge, soas to have the holes free. 
These plates may be fastened with screws or with sol- 
der, as is most convenient. 

We now have a circular strip of brass accurately 
spaced with holes, and the next thing is to transfer the 
spacing to our index plate. 

For this purpose a wooden disk to fill the brass cir- 
cle is necessary. Itis best made by fitting a wooden 
block upon any face plate belonging to the lathe, and 
then turning it accurately to size. It should be rigid- 
ly secured, and the center cut away, as will presently 
appear. Good, well seasoned wood should be used. 
Pear tree wood is as good as any if it can be obtained. 

This disk having been turned accurately to size, and 
with a shoulder, the brass circle may now be fitted 
thereon and secured in place by screws through the 
holes in its edge, the edge bearing firmly against the 
above shoulder. 
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We now have some special tools to make to be able 
to use this disk and cirele to drill our index plate. 

Fiz. 4 represents a ‘“‘center” turned of steel to fit 
the hole in the lathe spindle, and with a ‘‘nose” of the 
same size and cut with the same thread as the “ nose” 
of the lathe spindle, so that any face plate, chuck, or 
what-not that fits the spindle will also fit thereon. This 
will be found a very useful tool for constant use, as by 
its use work, chucks, ete., ete., ean be transferred to 
the ‘ back spindle *—the center fitting to the spindle. 

Figs. 5 and 6 represent an arm, with slot,S. This 
arm can of cast iron, the hub being bored and 
threaded to fit the lathe spindle, and the slot filed up 
true. The face should also be accurately faced off. 
This tool need not be made, however, if one has a large 
face plate available, with long slot in one side. 

Fig. 7 represents a long ‘‘ nose,” the same size and 
thread as the lathe spindle, and bored as shown with a 
conical hole to receive a stud as shown. This stud is 
made with a threaded stem as shown, so that the 
whole affairmay be fastened into the slot of Fig. 5 and 
stand firm and true, and turn freely upon the stud. 

Fig. 8 showsthe plan for the use of these special 
tools and the method of drilling the index plate. 

The long “ nose,” Fig. 7, is fastened into the slot in 
the arm, Figs. 5, 6, by a nut and washer run up on the 


stem, at such a distance from the center as to give the | 


necessary “‘ set off” to bring the proper part of the in- 
dex plate opposite the “‘line of center” of the lathe 
(the line A B, Fig. 8). On this ‘‘ nose” the face plate 
with the wooden disk to its attached brass circle is 


screwed, and the blank index plate is also screwed | 


upon the same nose until its shoulder bears firmly 
and truly against the face of the face plate. Both wiil 
then be truly in place and parallel. Itis for this rea- 
son that the center of the wooden disk was cut away 
as above mentioned in describing the construction of 
the disk. 

The center, Fig. 4, is now screwed into thearm, Figs. 
5, 6, and the whole combination is fastened to the back 
spindle, by inserting the shank of this center into the 
spindle. Proper and final adjustment can now be made 
to bring the proper part of the index plate opposite 
the line of centers. 

A spring ‘‘stop,” with conical pin to fit the holes in 
the brass circle, is fitted to the face of the arm, Figs. 
5, 6, as shown in Fig. 8. This serves to hold the revolv- 
ing parts, composed of the wooden disk and the at- 
tached index plate, rigidly in position while the drill is 
being used. 

Fitted into the tool part is a piece of steel bent as 
shown at B, Fig. 8. Through this piece of steel a hole 
is drilled to receive the drill, D, Fig. 8. This hole should 
be drilled by the same sized drill to be used in drilling 
the index plate, and the bar should be accurately 
placed so as to steady and guide the drill, but not to 
bend or springit. It can be placed atsuch a distance 
back from the point of the drill as to serve as a stop to 
regulate the depth of holes in the index plate and cause 
them all to be the same depth. Thetool carriage 
should of course be locked in place, and the tool block 
be fastened down so as not to move while the drilling 
is being done. 

We are now readyfor the actual drilling. The 
spring stop is inserted in one of the holes in the brass 
circle, and the work fed up to the drill by means of the 
tall serew of the back spindle. The drill should have 
a good speed, and the feeding should be light. If the 
drill shows any tendency to spring and buckle, a tube 
of brass may be drilled out by the drill and left upon 
it, leaving the part through the bar uncovered, of 
course. This will stiffen the drill very greatly. 

One hole having been drilled, return the index plate 
by withdrawing the spring stop, and allowing the pin 
to enter the next hole in the brass circle ; and so we go 
on around, drilling each hole in turn until all are 
drilled. 

None of the holes should go through the plate ; their 
depth should be twice their diameter. 

The same method will be followed in drilling all 
the holes in the plate. New strips of brass are tobe 
drilled with the number of holes required, the distance 
between their centers being calculated as in the first 
case, and new holes drilled in the steel blocks to ecorre- 
spond, and these strips of brass to be fastened upon 
the wooden disk. This is the best way, for the size of 
the wooden disk then remains the same, and the -guid- 
ing brass circle remains as large as possible, reducing 
any error as before mentioned. 

The one strip first drilled can, however, be used 
for all the drilling if so desired. It has only to be 
eut down to the right number of holes to correspond 
to the division required, and a new wooden disk fitted 
to receive the new sized ring thus produced. This con- 
stantly reduces the size of the guiding circle, however, 
and does not serve to diminish error. 

It is well to always start the drilling of each circle of 
holes in the plate upon the same radius. This line can 
be lightly marked by means of a center square, or in 
the lathe itself, by using a proper tool, set to exact 
height of center, inthe tool part, and drawing it along 
by means of the cross feed screw. We then have a 
means of partially checking the accuracy of the work, 
for all even divisions, such as quarters, eighths, fifths, 
tenths, ete., ete., of all the numbers divisible by these 
numbers should fall upon the same radii. 

It is not well to try and crowd the circles too closely 
together; 240 is about as large a number of holes as 
can well be drilled ina 9 in. plate, and have the holes 
of a size large enough to be of good service. 

Norr.—The above method is not claimed as original 
orentirely new. It is a workshop “ wrinkle,” given 
me by an old mechanic. Its application is as devel- 
oped by myself, and will be found to give good results 
if careful work is done. Variations may readily be 
—- suit particular cases, as best suits the indi- 
vidual. 


MAGNESIUM BRONZE. 
By H. N. WARREN, Research Analyst. 


DURING the past week my attention having been 
drawn to the manufacture of magnesium bronze, I 
trust the following details may be observed with in- 
terest, 

Por the production of the various samples two ounces 
of metallie copper, contained in a graphite crucible, 
were raised to the melting point by the aid of an in- 
jector furnace, and upon its surface was projected half 


| an ounce of magnesium metal ; over this, melted borax 
was poured to prevent oxidation ; the magnesium for a 
few moments burnt with intensity, the reaction quickly 
subsiding and proceeding tranquilly, emitting at in- 
tervals flashes of light characteristic of the metal. The 


tracted and examined as follows : 
The surface having been polished by the aid of fine 
sand, presented in appearance a highly zinciferous 


slight stroke, and proved sufficiently brittle to be 
readily pulverized. Its solubility, oxidizing proper- 
ties, and fusing point all closely resembled an ordi- 
nary brass, the analysis of the alloy showing 11 per 
cent. magnesium ; this was effected by dissolving the 
metal in nitric acid, precipitating the copper as oxide 
by means of soda, well washing the precipitate to free 
it from nitrates, and redissolving in Sedvochteste acid, 
afterward precipitating the whole of the copper by 
means of wetallie magnesium. Washing the reduced 
copper thus obtained, and drying the same in an at- 
mosphere of hydrogen ; after cooling, weighing the 
metal, and caleulating the difference to magnesium. 
The remainder of the alloy was remelted with 
the addition of various percentages of copper, and 
the former tests applied, the regulus becoming less 
brittle as the pereentage of copper was increased, un- 
til an alloy containing 4 per cent. magnesium was 
obtained, presenting in appearance a true bronze, 
and resembling the same as regards its physical 
| properties, admitting of either being worked with 
the saw or readily turned. The experiments were 
further maintained until 144 per cent. of magnesium 


fected the copper, both by bleaching and, to a certain 
extent, hardening the same. In short, the various 
alloys of copper and magnesium thus produced do not 
appear to excel, in general properties, the more com- 
mon and, at the same time, more readily formed alloys 
of copper.—Chem. News. 


THE MACARTHUR-FORREST PROCESS FOR 
THE TREATMENT OF REFRACTORY GOLD 


ORES. 
By WILLIAM JONES. 


THIs process depends upon the great chemical affinity 


these metals form soluble double cyanides with the 
alkali metals. Of the common metals gold has the 
greatest affinity for cyanogen, and their relative affini- 
ties are as follows: First, gold; second, silver; third, 
copper; fourth, zine; lead, iron, arsenic, antimony, 
ete., very small. 

1 do not propose to discuss in this paper the chemical 
forms in whieh gold exists in these so-called gold ores ; 
suffice it to say that so great is the affinity of gold for 
cyanogen that I have yet failed to meet with any ore 
which did not, on shaking up with even dilute solu- 
tions of cyanides, yield up its contents of gold almost 
entirely to the cyanide solution, and become dissolved 
as the double cyanide of gold and the alkali used. 

The ecvanides of the alkali and earthy metals are, 
practically speaking, the only soluble cyanides, the 
cheapest and most common being the cyanides of potas- 
sium and sodium. 

The relative solvent action of these various cyanides 
on gold and silver compounds, and on the gold and sil- 
ver compounds existing in ores, has been most carefully 
and thoroughly investigated by Mr. J. 8S. Macarthur 
and Drs. Forrest, who have had a staff of research 
chemists at work on the subject for nearly three years, 
It has been found that the cyanides of potassium and 
sodium are as active in their solvent action as any of 
the other soluble eyanides. 

When ores containing gold, silver, copper, zine, ete., 
are treated with solutions of cyanide of potassium or 
sodium, they are dissolved more or less, forming solu- 
ble double cyanides. The solvent action on the base 
| metals ean be reduced to a minimum by reducing the 
| strength of the solutions, the readily soluble gold and 
| silver being easily dissolved out with only traces of 
copper, zine, ete. The action of these weak cyanide 
solutions on the metals iron, lead, arsenic, antimony, 
ete., is practically nil, and the solvent action on copper 
or zine much depends upon the state of chemical com- 
bination in which they exist. 

Thus the hydrated oxides and carbonates of copper 
are more soluble than the sulphides, and the oxide of 
zine more soluble than the sulphide of zine; again, the 
white sulphide of iron is more soluble than the yellow 
sulphide. 

The best strengths of solutions to use in ‘ leaching ” 
out the gold from these so-called refractory ores de- 
pends entirely upon the nature of the ore, and it is im- 
possible to set any hard and fastline. The strength of 
solutions generally used vary from one-eighth to one per 
cent. of cyanide of potassium.* The correct strength 
to use in treating any class or lot of ore may be readily 
determined by treating a weighed quantity of the ore 
with varying strengths of cyanide solutions for various 
periods of time in the laboratory, and analyzing the 
ore after treatment with the cyanide liquor, and the 
liquor itself, as to the amount of gold which they con- 
tain and the unconsumed cyanide in the liquor, these 
results being compared with the original contents of 
gold and silver in the ores, and the original strength in 
cyanogen of the solution used. (A neat and rapid 
method of determining the gold in the cyanide liquors 
is to draw off a known value and evaporate it to dry- 
ness over a beaker of water in a capsule shaped out of 
a piece of silver-free lead foil. The lead foil capsule is 
then wrapped upina ball and cupeled in the usual 
way. The liquor should be as free as possible from 
base metals. When these are present, the liquor may 
be boiled to dryness with litharge and the solid residue 
fused in the usual way for its contents of gold and 
silver.) 

The approximate strength of the solution to use is 
thus determined, the point aimed at being to reduce 
the quantity of cyanide actually consumed to a mini- 
mum with, at the same time, the highest possible per- 


(C N) may exist as Na C N, » 
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brass ; on applying the hammer to the same, the ingot | upon the nature of the ore. 
broke into various pieces, even under the influence of a| sults by grinding in the pan, others require merely 


existed ; this, although a small percentage, readily af-, 


of cyanogen for gold and silver, and the ease with which | 


The ores (without any previous roasting if sulphur 
should be present), cnn Ms to forty mesh, are placed in 
pans or wooden vats provided with a stirrer, and to 
every one ton of the ore there is added about one 
hundred gallons of water containing one-quarter, 


crucible with its contents was now taken from the| one-half, or three-quarters of one per cent. of cyanide 
furnace, allowed to cool, and the metallic button ex-|of potassium or sodiunmi, or other percentage which 


experiment in the laboratory shows to be the best ap- 
proximate strength to use. The whole is then stirred 
for four to eight hours, the length of time depending 
Some ores give better re- 


agitation with the liquor. 

The liquor is run off, carrying with it on an average 
85 per cent. of the gold contents of the ore and 80 per 
cent. of the silver. It is filtered, and the gold and sil- 
ver in it are precipitated, by passing slowly through 
zine turnings, when complete precipitation of the gold 
and silver takes place. They attach themselves as a 
loose powder to the zine, and are easily removed by 
shaking or stirring, the gold and silver precipitate or 
sludge falling to the bottom of the vessel, and is re- 
moved, dried, and melted in the usual way. 

The filtration of the liquor is accelerated by using a 
vacuum, and there is no practical difficulty about this 
part of the process, except in the case of ores contain- 
ing a large percentage of clayey matters. Concentrates 
work admirably, settling and filtering with the greatest 
facility. 

The action of the cyanide of potassium or sodium 
upon the metallic zine is very trifling, exact experi- 
ments with accurately weighed quantities of zine sub- 
jected to the action of hundreds of gallons of liquor 
having proved this, and the complete precipitation of 
the gold, ete., having also been carefully investigated. 
The precipitation by zine is superior to electrical and 
other methods, and hence is adopted on the large scale, 

The amount of free cyanide existing in the liquors 
after passing through the zine is then determined b 
means of a standard solution of nitrate of silver, an 
the liquor is again made up to its original strength and 
again used. 

The actual consumption of cyanide on the large scale 
per ton of ore necessarily varies, running from 14 
pounds to 8 pounds per ton. I am, however, of opinion 
it will average about 5 pounds of cyanide of potash or 
soda per ton. At the same time I have witnessed ores 
successfully treated with a consumption of only 134 
pounde of cyanide per ton, notably a very refractory 
| South African pyrites containing over 3 ounces of gold 
per ton, the gold extraction being over 90 per cent. 

In order to successfully carry out the extraction of 
the gold from these so-called refractory ores a number 
of points have to be observed. If the ores contain a 
noted acidity, due to the presence of basic sulphates of 
iron, ete. (especially marked in the case of disinte- 
grated and weathered sulphides of the metals), it 
should be neutralized with the equivalent quantity of 
caustic lime, in the form of milk of lime. The exact 
amount of acidity can be readily determined by shak- 
ing up a weighed sample of the ore with water and 
adding standard normal or tenth normal caustic soda 
solution until the point of akalinity is attained, as de- 
termined by litmus or other indicator. The amount of 
lime required is then easily calculated. Some ores 
show as much as four per cent. of acidity in terms of 
soda, and such ores, on treatment with cyanide solu- 
tions without previous treatment with lime, show no 
extraction of their gold contents, whereas, when pre- 
viously treated with lime, the greater part of the gold 
was easily extracted. Nearly all sulphides show more 
or less acidity, but when it is under one-tenth of one 
per cent. it may, for practical purposes, be neglected. 

The cyanide solution used should be as free from 
caustic alkali (NaHO) (or KHO) as possible, as it is apt 
to form a sulphide of sodium or potassium with the 
sulphur of the ores, and thus prevent gold and silver 
going into solution. This difficulty, when it does oc- 
eur, is got over by adding chloride of calcium. 

The cyanide solutions are best preserved from too 
great exposure to the uir, asa part of the cyanide is 
apt to be converted by oxidation into the cyanate, an 
extremely stable compound. 

This process is admirably suited for treating iron 
pyrites containing gold, as no roasting is required, and 
to ores containing fine or “float,” which yield up their 
gold so easily that they can be treated by merely per- 
colating the cyanide liquor through them. Complex 
ores containing antimony, arsenic, etc., also yield up 
their gold contents with great facility. I have hada 
large number of American and Mexican ores tested by 
this process, and the average extraction of the gold 
was 90 per cent. and 85 per cent. of the silver, the a 
centage of silver extracted being generally less than 
the gold. Works on this process are now running in 
New Zealand and Australia, and a plant is about to be 
erected at the ae The process owes much of its 
success to the skill and untiring efforts of Mr. J. 8. 
Macarthur and Drs. Forrest, and is now the property 
of a strong company, who have secured patents in all 
countries of the world. 

The cyanide used on the commercial scale is cyanide 
or mixture of cyanides of potash and soda, nade by 
fusing the yellow ferrocyanide of potassium witha 

ure soda ash and carbon in an iron pot, at a dull red 
neat, till the ferrocyanide is decomposed, as ascertained 
by testing a sinall sample with an iron salt. The liquid 
mass is then ladled or run into iron moulds to cool, and 
the cooled mass forms a black brick containing 75 per 
cent. of cyanide of potassium and sodium. These 
bricks are made of a weight of about sixteen pounds 
each. They are packed in long zine cases, soldered up 
and shipped in wooden boxes to the mines or works. 

The actual cost of manufacturing such a cyanide is 
not greater than thirty-five cents per pound. The 
above method is the old and well-known reaction. 

Experiments are now in progress for utilizing the 
reaction (proposed as early as 1845) of passing nitro- 
gen or furnace gases (free from oxygen) over highly 
heated alkali and carbon, barium being preferred. 
From my own experience of this process, on a large 
scale, I hope to see the cost of the cyanide reduced to 
at least twenty cents per pound at an early date. I 
look for an early introduction of this process, on a 
large scale, into the United States.—Hngineering and 
Mining Journal. 


THE electric lamp promises. to aid in ope the 
internal parts of living animals as well as in studying 
the organic forms of the deep sea. 
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[Continued from SurrLemeEnt, No. 739, page 11811.) 
MAGNETISM.* 
By Dr. Jonn HOPKINSON. 


No single body is known having the property of ca- 
pacity for magnetism in a degree which is neither very 
great nor very small, but intermediate between the 
two extremes. We can, however, mix magnetic and 
non-magnetic substances to form bodies apparently 
intermediate. It is, therefore, interesting to consider 
what the properties might be of such a mixture. It 
depends quite as much on the way in which the mag- 
netic part is arranged in the mass as on its actual 
quantity. 

Su , for example, it is arranged asin Fig. 4, in 
threads or plates having a very long axis in the direc- 


tion of the magnetizing force, we may at once deter- 
mine the curve of magnetization of the mixture from 
that of the magnetic substance by dividing the induc- 
tion for any given force in the ratio of the whole vol- 
ume to the volume of magnetic substance. If, on the 
other hand, it is as in Fig. 5—with a very short 
axis in the direction of the foree and a long axis per- 
pendicular thereto—we can equally construct the curve 
of magnetization. 

This is done in Fig. 6, which shows the curve when 
nine-tenths of the material is highly magnetic iron ar- 
ranged as in Fig. 5, while the other curve of the same 
figure is that when only one-tenth is magnetic, but 
arranged as in Fig. 4. 

You observe how very different is the character of the 
curve—a difference which is reduced by the much less 
proportion of magnetic material in the wixture in the 
one care than in the other. One peculiarity of these 
arrangements of the two materials in relation to each 
other is that the resulting material is not isotropic ; 
that is, its properties are not the same in all directions, 
but depend upon the direction of the magnetizing force 
in the material. 

Of course, this is not at all a probable arrangement, 
but it is instructive in showing the character of the re- 
sult as depending upon the construction of the ma- 
terial. Let us, however, consider the simplest isotropic 
arrangement. Let us sup that one material is in 
the form of spheres bedded in a matrix of the other. 
If the spheres are placed at random, this is clearly an 
isotropic arrangement. The result is very different 
according as the matrix or the spheres are of the mag- 
netic material. Suppose that the volume of the spheres 
is one-haif of the whole volume. In Fig. 7 we have 
approximately the curve for iron, for a mixture of 
equal quantities of iron and a non-magnetic material, 
the spheres being non-magnetic and the matrix iron, 
and for a mixture the spheres being iron and the 
matrix non-magnetic. Observe the great difference. 
When the spheres are iron, the induction is near four 
times the force for all values of the force. When the 
matrix is iron, the induction is near two-fifths of the 
induction when the material is iron only. 


— 


Fro, 5. 


In speaking of the properties of bodies which, like 
manganese steel, are slightly magnetic, it may be well 
here to enter a caution. But little that is instructive 
ix to be learned by testing filings, or the like, with 
magnets, as these show but little difference between 
bodies which are slightly magnetic and those which 
are strongly magnetic. 

Suppose the filings to be epheres, in the following ta- 
ble are given comparative values of the forces they 
would experience in terms of x, if placed in a magnetic 
fleid of given value, « having its ordinary signification 


—that is, being the ratio of the kick on the galvano- 
meter when a ring is tried made of the material of the 
filing to the kick if the ring is made of a perfectly non- 
magnetic material : 


Attraction. 
1 0 Non-magnetic body. 
147 018 Manganese steel with 12 per cent. 


a 4 Manganese steel with 9 per cent. 
1° 
10 21 
100 28 
1,000 2°98 


Now the bodies in which yu is so small as 3°6 belong 
distinctly to the non-magnetic class ; but the test with 
the maguet would very markedly distinguish them 


cuit, which serves to magnetize the iron, had been great 
instead of very small. In this case we find a very dif- 
ferent order of phenomena. As the temperature rises, 
the deflection on the galvanometer diminishes very 
slowly till a high temperature is attained. Then the 
rate of decrease is accelerated until, as the temperature 
at which the sudden change occurred for small forces 
is reached, the rate of diminution becomes very rapid 
indeed, until, finally, the magnetism of the iron dis- 
appears at the same time as for small forces. Instead 
of following the magnetization with constant forces 
for varying temperatures, we may trace the curve of 
magnetization for varying forces with any temperature 


we please. 
Such curves are given in Diagrams 9 and 10. In the 


from manganese steel with 12 per cent. of manganese. 
The distinction, however, between “ = 3°6 and “ = 
1,000 is comparatively small; whereas, under the con- 
ditions of experiment, « is much more than 1,000 for 
most bodies of which iron is the principal constituent. 
The effects of stress on the magnetic properme of 
iron and nickel have been studied by Sir W. Thom- 
son. A fact interesting from a broad and general 
int of view is that the effects of stress are different 
in kind in the ease of iron and nickel. In the case of 
iron, for small magnetizing forces in the direction of 
the tension, tension increases the magnetization : for 
large forces, diminishes it. In the case of nickel, the 
effect is always to diminish the magnetization. 
When one considers that the magnetic property is 
uliar to three substances, that it is easily destroyed 
y the admixture of some foreign body, as manga- 
nese, one would naturally expect that ite existence 
would depend also on the temperature of the body. 
This is found to be the case. 
It has long been known that iron remains magnetic 


ceases to be magnetic, and remains at a higher tem- 
perature non-magnetic. It has long been known that 
the same thing happens with cobalt, the temperature 
of change, however, being higher ; and with nickel, 
the temperature being lower. The magnetic char- 
acteristics of iron at a high temperature are inter- 
esting. 

Let us return to our ring, and let us suppose that the 
coils are insulated with a refractory material, such as 
asbestos paper, and that the ring is made of the best 
soft iron. Weare now ina position to heat the ring 
to a higher temperature, and to experiment upon it at 
high temperatures in exactly the same way as before. 
The temperature can be approximately determined 
by the resistance of one of the copper coils. 

Suppose, first, that the current in the primary cir- 
euit which we use for magnetizing the ring is small ; 
that from time to time, as the ring is heated and the 
temperature rises, an experiment is made by reversing 
the current in the primary circuit and observing the 
deflection of the galvanometer. At the ordinary tem- 
perature ofthe air the deflection is comparatively 
small ; as the temperature increases the deflection also 
increases, but slowly at first; when the temperature, 
however, reaches something like 600° C., the galvano, 
meter deflection begins very rapidly to increase, until, 
with a temperature of 770° C., it attains a value of no 
less than 11,000 times as great as the deflection would 
be if the ring had been made of glass or copper, and 
the same exciting current had been used. 

Of course, a direct comparison of 11,000 to 1 cannot 
be made ; to make it we must introduce resistance into 
the secondary circuit when the iron is used; and we 
a fact, make use of larger currents when copper 
is used. 

However, the ratio of the induction in the case of 
iron to that in the case of copper, at 770° C., for small 
forces is no less than 11,000 to 1. 
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one diagram, for the purpose of bringing out different 
points in the curve, the scale of abscisse is twenty times 
as great as in the other. 

You will observe that the effect of rise of tempera- 
ture is to diminish the maximum magnetization of 
which the body is capable, slowly at first, and rapidly 
atthe end. It is also very greatly to diminish the co- 
ercive force, and to increase the facility with which the 
body is magnetized. To give an idea of the magnetiz- 
ing forees in question, the force for Fig. 8 was 0 3; and 
as you see from Figs. 9 and 10, the force ranges as high 


60. 

Now the earth’s force in these latitudes is 0°43, and 
the horizontal component of the earth’s force is 0°18. 
In the field of a dynamo machine the force is often 
more than 7,000. In addition to the general character- 
istics of the curve of magnetization, a very interesting 
and, as I take it, a very = ap ey fact comes out. I 
have already stated that if the ring be submitted to a 
great current in one direction, which current is after- 
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ward gradually reduced to zero, the ring is not in its 
non-magnetic condition, but that it is, in fact, strongly 
magnetized. 

| Suppose, now, we heat the ring, while under the 
influence of a strong magnetizing current, beyond the 
critical temperature at which it ceases to have any 
magnetic properties, and that then we reduce the cur- 
rent to zero, we may in this state try any experiment 
we please. Reversing the current on the ring, we shall 
find that it is in all cases non-magnetic. 

Suppose next that we allow the ring to cool without 
any current in the primary, when cold we find that the 
ring is magnetized ; in fact, it has a distinct recollec- 
tion of what had been done to it before it was heated 
to the temperature at which it ceased to be magnetic. 
When seal fe tried in the same way with varying tem- 
peratures, a similar sequence of phenomena is ob- 
served ; but for small forces the permeability rises to 
'a lower waximuw, and its rise is less rapid. The cri- 
tical temperature at which magnetism disappears 
ehanges rapidly with the composition of the steel. 


Iron 


Spheres magretiq 
Mogretang Force 
Fis, 7. 


Now mark what happens. The temperature rises 
another 15° C.; the deflection of the needle suddenly 
drops to a value which we must regard as infinitesimal 
in comparison to that which it had at a temperature 
of 770° C.; in fact, at the higher temperature of 785° C. 
the deflection of the galvanometer with iron is to that 
with copper in a ratio not exceeding that of 1°14 to 1. 
Here, then, we have a most remarkable fact—at a tem- 
perature of 770° C. the magnetization of iron 11,000 
times as great as that of a non-magnetic substance ; at 
a temperature of 785° C. iron practically non-magnetic. 
These changes are shown in Fig. 8. 


* Recent inaugural address as president of the Institution of Eleetrical 
Engineers, London, 


Suppose, now, that the current in the primary cir- 


es 70 2s 30 a6 
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For very soft charcoal iron wire the critical tempera- 
ae ae high as 880° C.; for hard Whitworth steel it 
is 

The properties of an alloy of manganese and iron are 
curious. ore curious are those of an alloy of nickel 
and iron. The alloy of nickel and iron containing 25 
per cent. of nickel is non-magnetic as it is sure to come 
from the manufacturer ; that is to say, a substance 
compounded of two magnetic bodies is non-magnetic. 
Cool it, however, a little below freezing, and its prop- 
erties change; it becomes very decidedly magnetic. 
This is perbaps not so very remarkable ; the nickel 
steel has a low critical temperature—lower than we 
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have observed in any other magnetizable body. But 
if now the cooled material be allowec to return to the 
ordinary temperature it is magnetic ; if it be heated it 
is still magnetic, and remains magnetic till a tempera- 
ture of 580° C. is attained, when it very rapidly be- 
comes non-magnetic, exactly as other magnetic bodies 
do when they pass their critical temperature. Now cool 
the alloy: it is non-magnetic, and remains non-mag- 
netic till the temperature has fallen to below freezing. 
The history of the material is shown in Fig. 11, from 


which it will be seen that from — 20° C. to 580° C. this 


alloy may exist in either of two states, both quite) 
stable—a magnetic and a non-magnetic—and that the | 


state is determined by whether the alloy has been last 
cooled to — 20° C. or heated to 580° C. 
Sudden changes occur in cther properties of iron at 


curve (Fig. 13) which represents the temperature bends | 
round ; the temperature actually rises many degrees 
while the body is losing heat. The liberation of heat 
being completed, the curve finally descends as a 
straight line. From inspection of this curve it is appa- 
rent why hard steel exhibits a sudden accession of 
brightness as it yields up its heat. In the case of soft 
iron the temperature does not actually rise as the body 
loses heat, but the curve remains horizontal, or nearly 
horizontal, for a considerable time. This, again, shows 
why, although a considerable amount of heat is liber- 
ated at a temperature corresponding to the horizontal 
part of the curve, no marked recalescence can be ob- 
tained. From curves such as these it is easy to caleu- 
late the amount of heat which becomes latent. As the 
iron passes the critical point it is found to be about 
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this very critical temperature at which its magnetism 
disappears. For example, take its electrical resistance. 
On the curve, Fig. 12, is shown the electrical re- 
sistance of iron at various temperatures; and also 
the electrical resistance of copper or other pure 
metal. Observe the difference. If the iron is heated, 
its resistance increases with an accelerating velocity, 
until, when near the critical temperature, the rate of 
inerease is five times as much as the copper; at the 
critical temperature the rate suddenly changes, and it 
assumes a Value which, as far as experiments have 
gone, cannot be said to differ very materially from a 
pure metal. The resistance of maganese steel shows 
no such change. Its temperature coefficient constant- 
ly has the value of 00012, which it has at the ordinary 
temperature of the air. The electrical resistance of 
nickel varies with temperature in an exactly similar 
manner. 

Again, Prof. Tait has shown that the thermo-electric 
properties of iron are very anomalous, that there is a 
sudden change at or about the temperature at which 
the metal becomes non-magnetic, and that before this 
temperature is reached the variations of thermo- 
electric property are quite different from a non-mag- 
netic metal. 

Prof. Tomlinson has investigated how many other 
properties of iron depend upon the temperature. But 
the most significant phenomenon is that indicated by 
the property of recalescence. Prof. Barrett, of Dub- 
lin, observed that if a wire of hard steel is heated toa 
very bright redness, and is then allowed to cool, the 
wire will cool down till it hardly emits any light at all, 
and that then it a glows out quite bright 
again, and afterward finally cools. This phenomenon 
is observed with great difficulty in the case of soft 
iron, and is not observed at allin the case of manga- 
nese steel. A fairly approximate numerical measure- 
ment may be made in this way : Takea block of iron 
or steel on which a groove is cut, and in this groove 
wind a coil of copper wire insulated with asbestos ; cov- 
er the coil with many layers of asbestos; and finally 
cover the whole lump of iron or steel with asbestos 
again. We have now a body which will heat and cool 
comparatively slowly, and which will lose its heat at a 
rate very approximately proportional to the difference 
of temperature between it and the surrounding air. 
Heat the block to a bright redness, and take it out of 
the fire and observe the resistance of the copper coil 
as the temperature falls, due to the cooling of the 
block. Plot a curve in which the abscisse are the 
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times, and the ordinates the logarithms, of the increase 
of resistance of the copper coil above its resistance at 
the temperature of the room. If the specific heat of 
the iron were constant, this curve would be a straight 
line ; if at any particular temperature latent heat were 
liberated, the curve would be horizontal so long as the 
heat was being liberated. If, now, a block be made 
of maganese steel, it is found that the curve is very 
nearly a straight line, showing that there is no libera- 
tion of latent heat at any temperature. If it is made 
of nickel steel with 25 per cent. of nickel in its nou- 
magnetic state, the result is the same—no sign of lib- 
eration of heat. If, now, the block be made of hard 


200 times as much heat as is required to raise the tem- 
perature of theiron 1 degree C. From this we get a 
very good idea of the importance of the phenomenon. 
When ice is melted and becomes water, the heat ab- 
sorbed is 80 times the heat required to raise the tem- 
perature of the water 1 degree C., and 160 times the 
heat required to raise the temperature of the ice by 
the same amount. The temperature of recalescence 
has been abundantly ideatified with the critical tem- 
perature of magnetismw.* I am not aware that any- 
thing corresponding with recalescence has been ob- 
served in the case of nickel. Experiments have been 
tried, and gave a negative result, but the sample was 
impure ; and the result may, I think, be distrusted 
as an indication of what it would be in the case of pure 
nickel. The most probable explanation in the case of 
iron, at all events, appears to be that when iron passes 
from the magnetic to the non-magnetic state it ex- 
periences a change of state of comparable importance 
with the change from the solid to the liquid state, and 
that a large quantity of heat is absorbed in the 
change. There is, then, no need to suppose chemical 
change ; the = physical fact accowpanying the 
absorption of heat is the disappearance of the capacity 
for magnetization. 

What explanations have been offered of the pheno- 
mena of magnetism? That the explanation must 
be molecular wasearly apparent. Poisson’s hypothe- 
sis was that each molecule of a magnet contained two 
wagnetic fluids, which were separated from each 
other under the influence of magnetic force. His theory 
explained the fact of magnetism induced by proximity 
to magnets, but beyond this it could not go. It gave 
no hint that there was alimit to the magnetization of 
iron, a point of saturation, none of hysteresis, no hint 
ofany connection between the magnetism of iron and 
any other property of the substance, no hint why mag- 
netism ane at a high temperature. It does, 
however, give more than a hint that the permeability 
of iron could not exceed a limit much less than its 
actual value, and that it should be constant for the 
material, and independent of the force applied. Pois- 
son gave his theory a beautiful mathematical develop- 
ment, still useful in magnetism and in electrostatics. 

Weber's theory isa very distinct advance on Pois- 
son's. He supposed that each molecule of iron was a 
magnet with axes arranged at random in the body; 
that under the influence of magnetizing force the ax- 
es of the little magnets were directed to parallelism in 
a greater degree as the force was greater. Weber's 
theory thoroughly explains the a’ value of mag- 
netization, since nothing more can be done than to di- 
rect all the molecular axes in the same direction. As 
modified by Maxwell, or with some similar modifica- 
tion, it gives an account of hysteresis, and of the gen- 
eral form of the ascending curve of magnetization. It 
is also very convenient for stating some of the facts. 


For example, what we know regarding the effect of |} 


temperature may be expressed by saying that the mag- 
netic moment of the molecule diminishes as the tem- 
terature rises, hence that the limiting moment ofa 
wagnet will also diminish; but that the facility with 
which the molecules follow the magnetizing force is 
also increased, hence the great increase of « for small 
forces, and its almost instantaneous extinction as the 
temperature rises. Again, in terms of Weber's theory, 
we can state that rise of temperature enough to render 
iron non-magnetic will not clear it of residual magnet- 
ism. The axes of the molecules are brought to ral- 
lelism by the foree which is impressed before and dur- 
ing the time that the magnetic property is disappear- 
ing; they remain parallel when the force ceases, 
though, being now non-magnetic, their effect is nil. 
When, the temperature falling, they become again 
magnetic, the effect of the direction of their axes is ap- 
parent. But Weber's theory does not touch the root 
of the matter by connecting the magnetic property 
with any other property of iron, nor does it give any 
hint as to why the moment of the molecule disappears 
so rapidly at a certain temperature. 

Ampere’s theory may be said to be a development of 
Weber's ; it purports to state in what the magnetism 
of the molecule consists. Associated with each mole- 


* I have only recentiy become acquainted with the admirable work of 
M. Osmond on recalescence. He has examined a it variety of sam- 
ples of steel, and determined the bee ge at which they give off an 
exceptional amount of beat. Some of his results are apparent on m: 
own curves, though I had asenmed them to be mere errors of observation. 
For example referring to my Royal Society paper, there is, in Fig. 38, 
a hint of a second smal! anomalous point a little below the larger one. 
And, rope | Fig. 38 and 38a, we see that the higher the heating, the 
lower is the point of recalescence ; both features are brought out by M. 
Osmond. The double recalescence observed by M. Osmond in steel 
with a moderate quantity of carbon I would explain provisionally by sup- 
posing this steel to be a mixture of two kinds which have different criti- 
cal temperatures. Although M. Osmond’s method is admirable for de- 
termining the Pp of i nce, and whether it is a single 
point or multiple, it is not adapted to determine the quantity of heat 
liberated, as the small —_ ased is inclosed in a tube of considerable 

same perimented 


steel, the temperature diminishes at first; then the 


mass, which cools down at as the sample ex; 
upon. 


cule is a closed electric current in a circuit of no resist- 
ance; each such molecule, with its current, consti- 
tutes Weber's magnetic molecule, and all that it can do 
they can do. Butthe great merit of the theory—and 
a very great one it is—is that it brings magnetism in 
as a branch of electricity ; it explains why a current 
makes a magnetizable body magnetic. It also gives, 
as extended by Weber, an explanation of diamagnet- 
ism. It, however, gives no hint of connecting the 
magnetic properties of iron with any other property. 
Another difficulty is this: When iron ceases to be 
magnetizable, we must assume that the molecular cur- 
rents cease. These currents represents energy. We 
should therefore expect that, when iron ceased to be 


——— by rise of temperature, heat would be liber- 
ated ; the reverse is the fact. 
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So far as I know, nothing that has ever been pro- 
posed even attempts to explain the fundamental ano- 
maly, Why do iron, nickel, and cobalt possess a pro- 
oped which we have found nowhere else in nature? 

t may be that at lower temperatures other metals 
would be magnetic, but of this we have at present no 
indication. It may be that, as has been found to be 
the case with the permanent gass, we only require a 
greater degree of cold to extend the rule to cover the 
exception. For the present, the magnetic properties 
of iron, nickel, and cobalt stand as exceptional as a 
breach of that continuity which we are in the habit of 
regarding as a well proved law of nature. 


AUTHORIZED ABSTRACT OF DISCUSSION. 


Sir William Thomson said the president had done 
well to emphasize the marvelous properties of iron, 
nickel, and cobalt, but he thought these properties 
were not quite so much isolated as would appear from 
the address. Faraday showed the continuity between 
parawegnetic and diamagnetic bodies, and that all 
substances are susceptible to magnetism when sub- 
— to sufficiently intense magnetizing forces. He 

ad also compared the relative susceptibilities of ma- 
terials, such as glass, bismuth, wood, etc., but the ab- 
solute determination of their susceptibilities still pre- 
sents a large field for interesting aud valuable research. 
The fact that the magnetic properties of such sub- 
stances could be compared was itself of immense im- 
portance, while Tyndall's observations on the proper- 
ties of bread, Iceland spar, ete., which can be made, or 
are naturally, magnetically aniostropic, further en- 
ances the interest connected with the subject. The 
prodigious difference between the magnetic properties 
of iron, nickel, and cobalt and those of other sub- 
stances, the speaker considered to be one of the great 
warvels of nature, and r= | ideas had been suggested 
by the president’s address, which so forcibly ein phasized 
these great distinctions. Referring to the absence of 
deflection of the ballistic galvanometer when a copper 
core is withdrawn from a coil, he said this does not 
prove that no effect takes place in the copper during 
the process, for in reality two equal and opposite ef- 
fects occur in rapid succession, thus neutralizing each 


Fria. 14, 


other’s influence on the slow-moving needle. In iron, 
however, in addition to these induced currents in the 


¥ | metal itself, a change in the induced magnetism makes 


itself evident by a throw of the needle. The fact that 
a current or magnet when placed near iron exerts a 
permanent influence on the iron, whereas no such 
effect is produced on copper or non-magnetic bodies, 
always seemed to him a marvelous difference. As re- 
gards the president’s remark that Poisson's theory 
gave no hint of hysteresis, this, he thought, was open 
to question, for the theory refers to coercive force, and 
this is hysteresis under another name. Coming to the 


subject of recalescence, Sir William said this was of im. 
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mense importance, and one of the wonders duly accen- 
tuated by the president. In this connection he wished 
to add that most of the work on the latent heat of iron 
about the temperature at which recalescence occurs 
had been done by the president himself. The region 
about the ripple in Fig. 13 requires further investi- 
gation, and, if possible, a cycle, such as Andrews used 
in his experiments on evaporation and condensation, 
should be devised. The material exists in two or more 
different states at the same temperature, and if the ef- 
fect is reversible, then the iron should cool while heat 
is being supplied to it. In conclusion, Sir William 
suggested that several physical properties of the ma- 
terial should be tested statically while it was kept at 
temperatures little above and little below the critical 
one, and also during the various states in which the 
material exists at the same temperature. 

Prof. Ewing said he was glad to congratulate the so- 
ciety on being favored with such a valuable address, 
for he was sure that it had been no less interesting to 
those little acquainted with the subject than to those 
familiar with recent researches. He himself was par- 
ticularly interested in the watter, and was surprised 
that all the facts relating to magnetization had been 
so clearly stated without using the word * susceptibil- 
ity,” or the expression “intensity of magnetization.” 
Commenting on the enormous amount of hysteresis 
exhibited by the alloy of nickel and iron (Fig. 11), Prof. 
Ewing said he had looked for hysteresis in similar al- 
loys and had found none; now he saw why he found 
none, for his experiments were made between ordinary 
atmospheric temperatures and 212 degrees F., while 
Dr. Hopkinson, by increasing the range of tempera- 
ture, had passed the critical points, and shown the 
hysteresis to be very great. One other point he wished 
to mention in connection with a probable instability 
which exists when iron is subjected to small magnet- 
izing forces. Take the ordinary curve of magnetiza- 
tion, this may be divided into three portions, O A, A B, 
BC (see Fig. 14). The part O A had been shown by 
Lord Rayleigh to be a straight line, and he (the speak- 
er) found thatin a true magnetization curve, where 
the condition of endlessness was perfectly satisfied, the 
part A B should be vertical or nearly so. His own ex- 
periments were made on rods from 300 to 400 diame 
ters long, and on treating these mathemetically as 
ellipsoids, he found that the magnetizing forces, H, 
should be measured from a line O D, which is practi- 
eally parallel to A B. A similar result had quite re- 
cently been obtained by Mr. Nagaroka, who, in some 
experiments on the magnetization of nickel when sub- 
jected to mechanical stresses, had succeeded in length- 
ening the part O A considerably, and then found A B 
to be practically vertical. In his own (Prof. Ewing's) 
experiments on iron he found that by tapping a rod 
while subjected to magnetizing force, a permeability of 
20,000 could be obtained. 


ANEURISM OF SCALP. 
By HERMAN Mynyvrer, M.D., of Buffalo, Professor of 
Surgery, Niagara University. 


Mrs. D., et. 43 years, entered the Buffalo Hospital 
of the Sisters of Charity, October 19, 1889, with the fol- 
lowing history: The patient was formerly greatly ad- 
dicted to drink. Eight years ago, while in a drunken 
fit, she was making a great deal of noise and yelling 
murder. She was forced to the floor, and to stop her 
noise, received a slight slap in the face. When she re- 
covered from the effects of the liquor, her right fore- 
head was reddish and the arteries in that region were 
pulsating more than normal, This increased until the 
present time and she now presents the following symp- 
toms: 

The right temporal artery, and particularly its ante- 
rior branch, is greatly enlarged, extending in a tortuous 
way over the forehead. Here and there circumscribed 
dilatations are seen, some as large as a hickory nut. 
Left temporal artery similarly affected, although ina 
slighterdegree. Over and anterior to the right ear is 
seen a rather large pulsating tumor, formed from anas- 
tomoses with the posterior auricular and the tempora- 
lis media artery. A similar but smaller tumor is seen 
over the right eyebrow, formed from anastomosis with 
the superior orbital artery. The right cheek has a 
nevus-like appearance, the conjunctiva of right eye is 
diffusely red from enlarged vessels. During the whole 
length of the tortuous arteries gr@eoves are felt in the 
bone, corresponding to the size of the artery and pro- 
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duced by absorption of bone on account of the pulsa- 
tion. 

The absorption of bone seems here and there almost 
to have gone through the internal table. A distinct 
thrill is felt every where and with the stethoscope a dis- 
tinet loud aneurismwal murmur is heard, which disap- 
pears by pressure on external carotis. The patient 
complains of heat and fullnessin the face and of a loud 
pounding sound, when she lies down, also of frequent 
profuse hemorrhages from the right nostril. Her red- 
dish, swollen face gives her such an appearance that 
she searcely ever is willing to leave her house in day- 
time. Otherwise she is in a healthy condition and has 
not drank any liquor for the last year. 

Under ether narcosis the right external carotid artery 
was ligated under the posterior belly of the digastric 
musele. The murmur and thrill immediately disap- 
peared. The left temporal and the enlarged arteries 
were thereafter ligated subcutaneously in eleven places 


Fies. 1 AND 2.—CIRSOID ANEURISM OF SCALP; 
CONDITION PREVIOUS TO OPERATION. 


with antiseptic silk ligatures, which were introduced 
under the arteries by aid of a sharp-pointed, curved 
Hagedorn’s needle. The silk ligatures were thereafter 
tied over pieces of thick drainage tubes. The field of 
the operation was profusely dusted with iodoform and 
dressed antiseptically. The first dressing was removed 
seven days later. 

The wound over the carotis externa was found healed 
by first intention. Over the whole forehead a remark- 
able change had taken place, the redness had disap- 
peared, the conjunctiva was almost white, and the 
arteries had more or less disappeared. On no point 
had the subcutaneous sutures produced inflammation 
or sloughing. The drainage tubes were seen almust 
buried in deep grooves of the skin, but by lifting up 
their ends, the underlying skin was seen healthy. 
They were therefore left in their places for a week 
longer and then removed. Three enlarged but not 
ae aye arteries in front of right ear were then simi- 
arly ligated and the ligatures kept in place for eleven 
days. The patient left the hospital November 9, with 
searcely any traces of her disease, no thrill or murmur, 
with white cornea and white forehead, and she may 
now, December 1, be considered perfectly recovered.— 
Annals of Surgery. 


(New Orveans MepicaL anp JOURNAL.) 
OLIVE OIL FOR SNAKE BITES. 


I READ with pleasure the correspondence of Dr. 8. C. 
Harvy, of Mabene, on the use of bicarbonate of 
soda for the bites of snakes and insects. I never used 
the soda in snake bites, but have for many years used 
it in the bites of insects and the stings of bees, and it 
has always proved a sure remedy in those cases. 

Ihave never used any other treatment for snake bite 
than olive oil. It has given in all cases prompt relief ; 
always asure and perfect cure. My first case was on 
July 27, 1850, in Elk county, Penn. A boy about 10 
years old was bitten by rattlesnake while out with his 
father picking huckleberries. The father carried the 
boy home on his back, and sent for me. Remembering 
what Gibson said as to the use of olive oil in snake 
bites, I placed a large bottle of pure virgin olive oil in 
my satchel and visited the boy, and found his entire 
body, head, face, and limbs terribly swollen, and the 
tongue protruding from the mouth ; could not swallow. 
lat once filled a tablespoon with olive oil, and plac- 
ing the spoon in the mouth with much trouble and ef- 
fort, pressed it back to the back part of the tongue, 
and the patient swallowed the oil. I then searified the 
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wound, and ked it with olive oil, and then gave 
more oil by the mouth, which he swallowed more eas- 
ily. I thus gave the oil in tablespoonful doses till I 
had given six spoonfuls, when my patient became 
quiet, breathed easily, and could swallow without any 
trouble. The patient was soon discharged perfectly 
well, and lives at this time a healthy farmer. I never 
used any other treatment for the bite of snakes than 
olive oil, externally and internally. Since that time 
my practice has been very extensive in the counties of 
Elk, Clinton, Cameron, Clearfield, along the creeks 
and rivers; also skirts of the Alleghenies. 

Ihave treated many cases and have a record of 
twenty-five very bad cases, all of which were treated 
by the free use of olive oil internally and externally. 
I have never used or directed any other treatment. 
The inhabitants of locations where rattlesnakes and 
copperheads are found always keep a good supply of 
| olive oil in their houses, and when bitten never calla 
| doctor, but use olive oil freely, which in every case 
| gives full and complete relief. Therefore, my experi 
|ence for the past thirty-nine years has fully proved 
the correctness of the treatment with olive oil of Dr. 

Miller, of South Carolina. 

I will here quote from William Gibson, M.D., late 
| professor of surgery in the University of Pennsylvania 
| (See Gibson's Surgery, vol. 1, p. 88): ‘** The use of olive 
oil has been highly extolled by many writers as a rem- 

edy for the bites of poisonous serpents.” 

Dr. Miller, of South Carolina, relates the case ofa 

man who was bitten in the sole of the foot by a very 
| large rattlesnake. Although very little time elapsed 
| before he reached the patient, “his head and face 
were prodigiously swelled, and the latter black. His 
tongue was enlarged and out of his mouth; his eyes 
as if starting from their sockets; his senses gone and 
every appearance of immediate suffocation. Two ta- 
blespoonfuls of olive oil were immediately given and 
gotten down, but with great difficulty. The effect 
yas almost instantaneous ; in thirty minutes it operat- 
led freely by the mouth and bowels, and in two hours 
| the patient could articulate, and soon after recovered. 
| The quantity of oil taken internally and applied to the 
| wound did not exceed eight spoonfuls.” In the course 
of twelve years Dr. Miller has met with several similar 
cases, in which the oil has proved equally successful. 
| Olive oil has been used for various medicinal purposes 
in allages. It was mentioned by Monsieur Pomit, 
| chief druggist to the late French king, Louis XIV., to 
| which he adds his father’s observations, fourth edi- 
| tion, 1748. Hesays: “It isa natural balsam for the 
}cure of wounds, being beat up with wine. It is of 
| wine and this oil that the Samaritan balsam, with 
which the Good Samaritan in the Gospel healed the 
| wounds of the traveler, was made, and it is a medicine 
}in use at this day.” It was and is now freely used in- 
ternally in many cases with marked success. I also 
use it with marked success in catarrh of the stomach 
and bowels ; also in gall stones, and find it of great use 
in diseases of the rectum, ete. C. R. EARLEY, M.D. 
Ridgway, Pa., Dec. 7, 1889. 


TREATMENT OF BARBER'S ITCH. 


Dr. ROSENTHAL orders the seat of the affection to be 
closely shaved daily, and the following ointment to be 
rubbed in twice a day : 


Zine. oxid. 


M. Sig.: To be used twice daily. 
Ina month nothing remains of the eruption but a 
very slowly disappearing erythema. 


A JUNGLE CART. 

THE engraving represents Prince Albert seated by 
the side of Mr. Sanderson ina primitive jungle car- 
riage, drawn by a pair of oxen. This sort of carriage 
is called a ** woddur ;” it is used by the ryots in their 
husbandry work, and is very simply constructed. The 
wheels are of solid sections of wood, and the axle is 
also of wood, so that any ciever forester by the aid of his 
ax can put together a vehicle which is much better 
suited for jungle purposes than the most elaborate 
structure composed by the coach builder iu civilized 
life.— Graphic. 
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THE JAPANESE PUZZLE. 


THE Chinese puzzle, so popular half a century ago, 
and now fallen into desuetude, consisted of a small 
number of geometrical figures (squares, triangles, loz- 
enges, etc.) cut out of thin wood, ivory, or mother of 

. The box containing the game was accom 
nied with two small books. In one of these, outline 
drawings represented, by their external contours only, 
the hundreds of figures that it was possible to obtain 
through the juxtaposition of the pieces in various 
ways. The second book contained a solution of the 
various problems laid down in the first, under the 
form of figures indicating the position of each piece. 


Despite the infinite number of ingenious combina- 
tions that it was possible to make, the game became 
monotonous. 

On examining the figures herewith presented, our 
readers will doubtless judge that it is entirely different 
with the new kind of puzzle that Mr. Fouji, a Japanese 
artist, has devised for their amusement. 

The constituent elements, represented isolatedly to 
the right of the engravings, are cut out of dark paper. 
It will be remarked that their contours are determined 
by straight lines and ovals or ellipses all capable of be- 
ing drawn by means of a ruler and compasses. These 
various elements, the grouping of which will give the 
profiles of the animals shown in Figs. 1 and 2, are repro- 


duced solely by the processes of linear drawing, and a 
knowledge of artistic drawing is not necessary in 
forming them. 

In two of the figures of the model in Fig. 1, the 
ey of each of the pieces is shown by dotted lines. 

y a little research, it will be easy to find their posi- 
tion in the two other figures. By a little exercise of 
the imagination and taste other profiles may be 
formed. 

Contrary to what is required in the Chinese puzzle, 
it is not indispensable here to employ all the pieces. 
Thus, the two small circles that represent eyes, and 
that are placed on the two sides of the bird’s head 
when it is seen from above, are no longer necessary in 


Fra. 2. 
JAPANESE PUZZLE, 


< 
11829 
- 
| 
| 
| as! 
Fie. 1. 
rr 
— 
“> 
a“... 
os 
it 


11830 SCIENTIFIC AMERICAN SUPPLEMENT, No. 740. 


Marca 8, 1890. 


the other positions, as, for example, when it is desired 
to represent the bird asleep with its head under its 
wing. The same is the case with the lozenges represent- 
ing the bill. The sharpest will serve to represent the 
pointed bill of the nightingale, warbler, or other in- 
sectivorous singers, while the artist has reserved the 
obtusest lozenge for thicker bills, such as the bill 
of the canary and sparrow. The closed foot is used for 
the profile of the bird perched upon a branch ; and the 
foot with outspread toes for the bird walking upon the 
ground.—La Science Ilustrée. 


NATIVE WYOMING SOAP. 
By HERMAN WESTPHAL, Ph.G. 


Tus mineral, which is known locally under the 
name of “ Native Wyoming Soap,” occurs in the Blue 
Ridge, 50 to 40 miles west and southwest of Soudance, 
Wyoming Territory, at an elevation of about 5,000 
feet 


It is found in two distinet forms. 1. The wet variety, 
which occurs in sink holes, or in the neighborhood of 
springs, and covers, probably, an area of several hun- 
dred acres. [t forms a thick, very tenacious pasty mass, 
about the consistency of butter. Its color is light 
yellowish gray. Taste slightly saline, clay-like. Odor 
argillaceous. Moistened between the fingers with a 
little water, it feels like soap or some greasy substance. 
Hence its name. This soapy feel is probably due to 
the extreme fineness of the silicates which it contains. 
In hot weather the edges of the sink holes become 
hard and brittle, and on some places show an efflores- 
cence of fine crystals of magnesium sulphate. 

These holes, which seem to be almost bottomless, at 
times become very annoying to the ranches, as cattle 
frequently get into them, and unless discovered in 
time and pulled out are sure to perish, as it is impossi- 
ble for them to free themselves. 

2. The dry variety occurs underground in veins like 
coal. It is hard and dry, and looks very much like 
chalk; the color is somewhat darker, varying from 
yellowish white to dirty greenish yellow. On addition 
of a little water, however, it is converted into the soft 
variety as found on the surface of the earth. It ap- 
pears probable that the wet variety is formed by 
springs running over beds of dry soap, washing it up 
and in time accumulating it in large quantities. 

It is used by cowboys and ranchers who live in the 
vicinity as a substitute for soap and for removing 
grease by absorption. They also use it for making 
“hard water.” 

Five grammes of the soap exposed to the atmosphere 
for several weeks at a temperature of about 24° C. lost 
41°20 per cent. of woisture. It had become a very hard 
and brittle mass, varying from dirty white, grayish 
green to orange yellow. Taste and color were unalter- 
ed; it adhered to the tongue, and when cut with a 
knife exhibited a very smooth and shining surface. 
On ignition the wet soap lost 53°30 per cent., while the 
air-dry soap lost 12°10 per cent., corresponding to 41°20 
er cent. on exposure. The air-dry soap reduced to an 
mpalpable powder gave the following composition on 
analysis : 


Per cent. 


—Am. Jour. Pharm. 


DETECTING TIN IN MINERALS. 


By ALEXANDER JOHNSTONE, F.G.S. (London and 
Paris), Assistant to Professor of Geology and 
Mineralogy in the University of Edinburgh. 


MINERALS containing tin yield, when mixed with 
flaxes and properly heated for some time before the 
blowpipe on charcoal in a good strong reducing flame, 
malleable metallic globules of a high luster and silver 
white color. For the reduction of the ores of tin and 
most of the other minerals known to contain that 
metal, the common white flux or fusion mixture of 
Fresenius (K,CO,+Na,CO,) is quite adequate. In cer- 
tain obstinate cases, however, it is advisable to use a 
little borax or potassium cyanide, or both, as well as 
fusion mixture. As the tin almost invariably, in the 
process of ordinary reduction on charcoal, separates 
out in rather small beads, which, because of their very 
fluid consistency at the temperature of the blowpipe 
flame, sink rapidly down through the flux, ete., to the 
bottom of the assay, or even a little distance into the 
support, it is necessary to cut out the ignited residue 
with some of the surrounding carbon on each side and 
below it, and transfer the whole to a mortar, where, 
after the operations, first of heavy and firm grinding 
to reduce the mixture to a fine, powdery condition, and 
then of washing or lixiviating with water in order to 
remove everything of a non-metallic nature, have been 
gone through, the silver-like malleable scales of the 
metal will be observed mainly adhering to the bottom 
of the mortar, but in part also to the pounding ex- 
tremity of the pestle. 

Toprove that these silvery scales are tin, throw over 
them, in the mortar, two or three drops of boiling con- 
eentrated hydrochloric acid, and then add, by means 
of a glass tube, one drop of a fairly strong water solu- 
tion of gold chioride and swing the mixture of liquids 
all round the bottom of the mortar for about a minute. 
If the white metallic scales originally observed were 
composed wholly or partially of tin, then by the treat- 
ment described, the bottom of the white porcelain or 
earthen ware mortar will receive a distinet purple stain 
by the formation of the well known characteristic pur- 


ple of Cassius. To further confirm the presence of tia, | alter, improve, extenc 


DRUM FISH OF MAURITIUS. 


Ata recent meeting of the Physiological Society, 
Berlin, Prof. Moebius spoke on a ‘“ drumming” fish 
(Balistes aculeatus) from Mauritius. During a recent 
visit to this island he observed a bright blue-colored 
fish in the shallow waters of the harbor; when caught 
and held in the hand this fish emitted from its interior 
a wost striking noise, like that of a drum. A careful 
examination of the animal failed to reveal any obvious 
movements, with the exception of one part of the skin, 
lying just behind the gill slit, which was in continuous 
vibration. Notwithstanding prolonged endeavors, he 
had not been able to secure a second living example of 
this fish, and had hence been able to carry out his in- 
vestigations on the cause of the drumming noise only on 
dead specimens. The portion of the skin (membrana 
supra-axillaris) which vibrates stretches from the clavi- 
ele to the branchial arch ; it is provided with four large 
bony plates, and lies over the swim bladder, which in 
this fish for the most part projects out of the trunk 
muscles. Behind the deutele lies a curiously shaped 
long bone, which is attached to the clavicle at one point 
in such a way as to form a lever with two arms. 

The long arm of this bony lever (os post-claviculare) 
is embedded in the ventral trunk muscles, and is capa- 
ble of easy movement to and fro. The short arm slides 
during this movement over the rough inner side of the 
clavicle, and gives rise toa crackling noise, and this 
noise is then intensified by the swim bladder, which 
lies in close proximity to the short arm of the lever 
and acts as a resonator. When the trunk muscles 
contract the body cavity is diminished in size, the air 
in the swim bladder is driven forward, and the bladder 
then communicates the vibrations of the bony lever to 
the membrana supra-axillaris, and the latter commu- 
nicates them to the air. 

The speaker was of opinion that the above was the 
explanation of the** drumming” of this fish ; he was, 
at all events, unable to find any other organ in it which 
eould account for the noise. This noise is not known 
to be emitted by other species of Balistes, although it 
is known to occur in other groups. 
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conclusion of this authoritative and exhaustive lecture, with dis- 
cussion which followed its reading.— 11 illustrations................. 11826 

VIL. GEOGRAPHY AND EXPLORATIONS.—Mr. Stanley's Latest 
Afri iscoveries.—A note of the recent discoveries of Mr. 
Stanley and of the Mountains of the Moon, giving a clew to the 


ultimate sources of the head waters of the Nile..................-.. 11815 
IX. IRRIGATION.—Surface Waters.—Continuation of this ex- 
haustive report on the law regulating rights in surface waters..... 11817 


X. MATHEMATICS.—Design for a Conicograph.—By RoLiIn A. 
HARRIs.—A species of tramme! for drawing ellipses and hyper- 
bolas.—Its use fully described and illustrated.—4 illustrations...... 11823 


XI. MECHANICAL ENGINEERING.—An Index Plate for Amateurs, 
—By Lieut. C. D. PARKHURST.—The simple method of producing 
on & lathe an accurately divided face plate, fully illustrated.—9 il- 


XIL. MEDICINE AND HYGIENE.—Aneurism of Scalp.—An opera- 
tion described by which this troublesome affection was treated.— 
notes of its success.—2 illustrations. 
Olive Oi! for Snake Bites.—A proposed simple remedy for curing 
snake bites, with notes of its application to other complaints...... 11828 
Treatment, of Barber’s Itch.—Formula for an ointment for the pa 


treatment of this complaint ......... 
METALLURG Y.—Magnesium Bronze.—By H. N. WARREN.—A 
curious aioy, exhibiting very remarkable properties, with account . 
of its appearance and other eee 
The Macarthur-Forrest Process for the Treatment of Refractory 
Gold Ores.—By WILLIAM JONES.—A novel and interesting process 
utilizing the affinity of cyanogen for gold and silver, offering ap- 
parently a very important solution of the problem............ .. .. 1 


XIV. METROLOGY.—Labors of the International Bureau of Weights 
and Measures.—Exceedingly interesting details of the work of 
this commission with tllustrations of an elaborate apparatus used 
for comparing and of the standard weights and measures.—é illus- 

XV. MISCELLANEOUS.—A Jungle Cart.—A primitive conveyance 
11828 

The Japanese Puzzie.—An interesting and beautiful recreation, 
being a development of the well known Chinese puzzle.—? illustra- 
11829 

XVI. NATURAL HISTORY.—Drum Fish of Mauritius.—A curious 
fish, producing a drumming noise, with a possible explanation of 
the organs used in producing the sound... 11830 

XVII. NAVAL ENGINEERING.—The Screw Tug Kathieen.—The 
largest and most powerful tug yet built in the west of England.— 
With triple expansion engines and screw propulsion.—3 ilustra- ' 


Useful Engineering Books 


Manufacturers, Agriculturists, Chemists, Engineers 
Mechanics, Builders, men of leisure, and professiona 
men, of all classes, need good books in the line of their 
respective callings. Our post office department permits 
the transmission of books through the mails at very 
small cost. A comprehensive catalogue of aseful books 
by different authors, on more than fifty different sub- 
jects, has recently been published, for free circulation, 
at the office of this paper. Subjects classified with 
names of author. Persons desiring a copy have only 
to ask for it, and it will be mailed to them. Address, 


MUNN & CO., 361 Broadway, New York. 
PATENTS. 

In connection with the Scientific American, 

Messrs. Munn & Co. are solicitors of American and 

Foreign Patents, have had 42 years’ experience, and 


now have the largest establishment in the world. 
Patents are obtained on the best terms. 

A special notice ™, in the Scientific Ameri- 
ean of all invent & @nted through this Agency, 
with the name an 4 be of the Patentee. By the 
immense circulat pg & given, public attention is 
directed to the m; & » @he new patent, and sales or 
introducti< n ofte 

Any person wh 4 de a new discovery or inven- 
tion ean ascerte F of charge, whether a patent 


ean probably be .. by writing to Munn & Co. 
We aiso send f Jand Book about the Patent 
Laws, Patents, ¢ Trade Marks, their costs and 
how procured. 
MUNN c& CO., 
361 Broadway, New York. 
Branch Office, 622 and 624 F St., Washington, Db. ¢. 
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